The Journal of 
Laboratory and Clinical 
E Medicine 


Vou. 29 JuLy, 1944 

















CLINICAL AND EXPERIMENTAL 


CORONARY DISEASE ASSOCIATED WITH A SHORT PR 
INTERVAL AND A PROLONGED QRS 


A Case REportT 


Capt. S. A. Leaver, M.C., A. U. S. 


HE occurrence of a short PR interval with a prolonged QRS has been de- 

scribed many times since it was first reported over twenty-five years ago. 
Much controversy has arisen as to the mechanism of its production, and there is 
still considerable dispute. For example, in 1930 Paul White, with Wolff and 
Parkinson, made a thorough study of a series of cases and ascribed the condition 
to a functional bundle branch block, but emphasized its occurrence in healthy 
individuals with normal hearts. In 1938 White stated, ‘‘. .. the impulse in a 
given case may pass through a short circuit, perhaps a bundle of Kent (Kent, 
1893) and sometimes through the usual circuit by way of the bundle of His 
(Holzman and Scherf, 1932).’’ In 1933 Wolferth and Wood put forth the ex- 
planation of an accessory conduction bundle, known as the bundle of Kent. 
In 1941 these last two authors presented additional cases in support of their 
original hypothesis. However, in 1938, Katz and Kaplan reported a case in a 
patient with severe cardiac damage caused by coronary sclerosis, which they con- 
tend renders quite unnecessary the theory of conduction over the bundle of 
Kent. They maintain that the mechanism consists of an upper nodal rhythm, 
with a spreading of the impulse through a preferential path in the junctional 
conduction tissue. Tung, in a report in 1936, concludes that functional bundle 
block probably of vagal origin oceurs and is not a sign of heart disease. Pardee, 
in his textbook published in 1941, states that the most acceptable explanation 
is that suggested by Cossio, who contends that these complexes are due to the 
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excitation of an overirritable focus in the ventricle by the auricular systole. 
Levine and Beeson, in 1941, described three cases of this type, which manifested 
paroxysms of ventricular tachyeardia, rather than the auricular tachyeardia 
ordinarily found. In one case acute coronary thrombosis was so closely simu- 
lated that an erroneous diagnosis was made. Levine mentions another ease in 
which the patient developed paroxysms of auricular fibrillation and went on into 
congestive failure, even though there was no organie heart disease. Finally 
in 1942 Butterworth and Poindexter, by electrical means, were able to produce 
experimentally in the cat and in the dog, complexes of the short PR, wide 
QRS type at will. In these experiments the current generated by the auricular 
muscle was picked up by small silver electrodes, placed directly on the surface 
of the auricle. This current was then amplified several thousand times and 
used to stimulate one ventricle by means of similar electrodes placed on the 
ventricular epicardium or in the ventricular muscle. They coneluded that the 
most logical explanation of the syndrome is a ventricular asvnehronism, with 
premature contraction of one ventricle, activated by an abnormal conducting 
pathway. (Their experiments essentially produced another pathway from the 
auricle to the ventricle.) 

Finally, in 1948, Wood, Wolferth, and Geckler made serial sections of the 
heart from a patient whose electrocardiogram had shown a short PR and a 
prolonged QRS (there was an inverted T-1). This patient had died during an 
attack of paroxysmal tachycardia. Gross examination of the heart was negative 
but histological studies revealed three muscular connections at the right lateral 
border between the right ventricle and the right oracle. Two of these bridged a 
small part of the ventricular cavity during their course. The authors con- 
cluded that the demonstration of such structures which should be capable of 


conducting an impulse to the ventricle furnishes adequate support for the hy- 
pothesis of an accessary AV conducting pathway to explain this electrocardio- 


graphic anomaly. 

It is not intended in this report to enter into the controversy as to the 
mechanism of this interesting manifestation, but merely to present a case in 
which coronary disease occurred, without modifying the dominant rhythm of 
the short PR and prolonged QRS, but at the same time leaving unmistakable 
evidence of coronary disease. It might be well, however, to enumerate briefly 
just what is definitely known about the condition, omitting all theories and con- 
jectures. (1) It oceurs in the absence of organic heart disease. (2) It oecurs 
most often in young people who are subject to paroxysmal tachyeardia 
(auricular). (3) Oceasionally paroxysmal fibrillation oceurs in place of the 
tachyeardia and very rarely ventricular tachycardia instead of auricular 
tachyeardia. (4) It has been produced experimental!y in animals by setting up 
an abnormal conduction pathway between the auricles and ventricles. (°) 
It has been abolished by the use of atropine, quinidine and exercise. It may 
return to normal rhythm spontaneously. (6) It occurs much more often in 
males than in females. 

CASE REPORT 

P. K., white male, aged 483 years, was admitted on Jan. 5, 1936, because of sev: re 

burns of the right thigh and leg. He had been discharged from the Army for epilepsy «4 
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continued to have seizures ever since. Aside from his burns, physical examination revealed 
only hypertrophic arthritis of the left knee. An electrocardiogram revealed a short PR 
interval and prolonged QRS (see Fig. 1). The patient had no cardiac complaints, the blood 
pressure was 90/65, heart rate 70. The heart was not enlarged and there were no murmurs 
or thrills. 

The patient made a satisfactory recovery from his burns, but continued to suffer from 
his arthritis and to have epileptic seizures. On Sept. 9, 1941, at 8:30 a.m., while stooping 
over, he was suddenly seized with severe precordial pain, which lasted for three or four minutes, 
and then subsided but soon became severe again. The severe prin came and went all that 
day and also the following day, when it was somewhat less severe. The pulse rose to 120 
the first day, but soon decreased in rate. There was no temperature elevation. An electro 
eardiogram taken Sept. 9, 1941 (Fig. 2), revealed, besides the short PR interval and the 
wide QRS previously noted, a depression of ST-1 and ST-2 and an inversion of T-1, A 
cardiogram made Sept. 11, 1941, was essentially the same as the first, but a cardiogram taken 
Sept. 18, 1941 (Fig. 3), showed a diphasic T-2 and T-4. 
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Fig. 3.—9/18/41. TT: inverted, Tz diphasic, and ST: and ST: depressed. 


There was no pyrexia or leucocytosis and apparently the patient made an unevent! 
recovery. He gradually resumed his former activities; for a time he had no cardiac cor 


plaints aside from dyspnea on climbing stairs. On Dec. 1, 1941, however, while moppi! 
the floor, he again experienced severe precordial pain, which lasted for one or two minut 


and then eased off. The severe pain was accompanied by a feeling of faintness so that he h: 
to go to bed. Slight pain was still present the next day, but then disappeared. On Decemb: 
25 he had another attack of severe precordial pain, lasting one or two minutes, but slig 
pain persisted all day. Following this he had an occasional ‘*twinge’’ in the precordiu: 
but continued to be up and around. 
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On Jan, 21, 1942, an electrocardiogram (Fig. 4) revealed a depression of the ST seg 
ments in Leads 1, 2, and 4F, deep inversion of the T-waves in Leads 1] and 4F and diphasic 
T-waves in Lead 2. The short PR and the wide QRS remained unchanged. Physical exam 
ination at this time revealed very little change. The blood pressure was 110/80, the heart 
rate 102, the white blood count was 11,350, with 70 per cent polymorphonuclears. An electro 
cardiogram taken Jan. 30, 1942, was essentially the same as the one taken on January 21. 

On May 15, 1942, another cardiogram was taken which was similar to that of Jan. 21, 
1942. His condition changed little during the next few months. During part of this period 
he was given theophylline. On March 11, 1943, he had another attack of sharp precordial pain 
but the temperature and pulse were normal, as were the white blood count and the sedimenta- 
tion rate. No notable incident occurred during the next few months, but on Aug. 2, 1943, he 
developed epigastric pain which radiated to the precordium. This pain did not last long, but 
on Aug. 5, 1945, it recurred. He perspired freely, the sedimentation rate was 30 and the 
white blood count 16,500. The temperature rose to 102°, pulse to 118. An electrocardiogram, 
taken on Aug. 6, 19483 (Fig. 5), showed an entirely different pattern for him. Both the 
PR. and QRS were normal in duration and the QRS entirely normal in form. By Sept. 
27, 19438, the cardiographie pattern had reverted to its usual form, but T-1 and T-2 were 
now upright and ST-1 and ST-2 isoelectric, whereas prior to August 6, 1948, T-1 was in 
verted, T-2 diphasic, and ST-1 and ST-2 depressed (Fig. 4). By Aug. 14, 1943, the patient 


was able to be up and around, and continues to be at this writing. 
COMMENT 


Coronary occlusion was strongly considered on the basis of the patient’s 
first severe attack but could never be definitely established, although he de- 
veloped definite evidence of chronie coronary disease as demonstrated by the 
tracing of Jan. 21, 1942 (Fig. 4). Again, on Aug. 6, 1948, when all the elinieal 
manifestations pointed to coronary occlusion, the electrocardiogram suddenly 
reverted to a normal pattern. While the last cardiogram on record still shows 
a slight depression of ST-1 and ST-4, and diphasie T-1 and T-4, the changes 


in T-2 and ST-2 present prior to the last episode have disappeared. As men- 


tioned previously, normal rhythm may be restored spontaneously. Just what 
connection, if any, the patient’s last attack had with a transitory return to 


normal electrocardiographice pattern does not seem apparent. 
SUMMARY 


A case of a short PR and a prolonged QRS was presented. It was first 
recorded electrographically over seven years ago. The same rhythm was main- 
tained, even though the patient developed definite evidence of severe coronary 
disease except for transitory return to a normal pattern during an attack of 


severe precordial pain. 


REFERENCES 


1. Askman, Richard, and Hull, Edgar: Essentials of Electrocardiography, New York, 1937, 
The Macmillan Co., pp. 54-56. ; 

Butterworth, J. S8., and Poindexter, C. A.: Short PR Interval Associated With a Pro 
longed QRS Complex, Arch. Int. Med. 60: pp. 437-445, 1942. 

3. Cossio, P., Bereonsky, I., and Kreutzer, A.: P-R acortado con QRS ancho y mellad 
(analisis de las 34 observaciones de la literature medica, incluyendo 7 observacione: 
personales), Rev. argent. de cardiol, 2: 411, 1936, 

. Glomset, D. G., and Glomset, A. T. A.: A Morphologic Study of the Cardiae Conductior 
System in Ungulates, Dog, and Man, Am. Heart J. 20: 389, 1940. 

5. Holzman, M., and Scherf, D.: Uber Elektrokardiogramme mit verkurzter Vorhof-Kammet 

Distanz und positiven P-Zacken, Ztschr, f, klin. Med. 121: 404, 1932, 





LEADER: CORONARY DISEASE 679 


}. Hunter, A., Papp, C., and Parkinson, J.: The Syndrome of Short P-R Interval, Apparent 
Bundle Branch Block, and Associated Paroxysmal Tachyeardia, Brit. Heart J. 2: 
107, 1940. 
Katz, L. N., Kaplan, L. G.: Unusual Forms of Rhythms Involving the A-V Node, 
Am. Heart J. 16: 694, 1938. 
Levine, Samuel A.: Clinical Heart Disease, Philadelphia, 1938, W. B. Saunders Co., 
pp. 426-427. 

Levine, Samuel A., and Beeson, Paul B.: The Wolff-Parkinson-White Syndrome, With 
Paroxysms of Ventricular Tachycardia, Am. Heart J. 22: 401, 1941. 
Moia, B., and Inchauspe, L. H.: Sobre un caso de P-R corto con QRS ancho y mellado 

presentando asinchronismo ventricular, Rev. argent. de cardiol. 5: 114, 1938. 
. Pardee, H. E. B.: Clinical Aspects of the Electrocardiogram, New York, 1941, Paul B. 
Hoeber, Inc., p. 182. 
2. Pezzi, C.: Considerationes Pathogeniques sur quelques cas de Rhythm Septal et Para- 
septal Permanents, Arch. d. mal. du coeur 24: 1, 1931. 
3. Roberts, G. H., and Abramson, D. I.: Ventricular Complexes of the Bundle-Branch Block 
Type Associated With Short P-R Intervals, Ann. Int. Med. 9: 983, 1936. 
. Scherf, D., and Schonbrunner: Beitrage zum Problem der verkurtzen Vorhofkammer- 
leitung, Ztschr. f. klin. Med. 128: 750, 1935. 
. Tung, Chen-Lang: Functional Bundle-Branch Block, Am. Heart J. 11: 89, 1936. 
3. White, P. D.: Heart Disease, ed. 2, New York, 1938, The Macmillan Co., pp. 690-691. 
. Wilson, F, N.: A Case in Which the Vagus Influenced Form of the Ventricular Complex 
of the Electrocardiogram, Arch. Int. Med. 16: 1108, 1915. 
. Wolff, L., Parkinson, J., and White, P. D.: Bundle-Branch Block, With Short PR In 
terval in Healthy Young People Prone to Paroxysmal Tachycardia, Am. Heart J. 
5: 685, 1930. 
. Wolferth, C. C., and Wood, F. C.: The Mechanism of Production of Short PR Intervals 
and Prolonged QRS Complexes in Patients With Presumably Undamaged Hearts: 
Hypothesis of an Accessory Pathway of Auriculo-Ventricular Conduction (Bundle 
of Kent), Am. Heart J. 11: 89, 1936. 


20. Wolferth, C. C., and Wood, F. C.: Further Observations on the Mechanism of the 


Production of a Short P-R Interval in Association With Prolongation of the QRS 
Complex, Am. Heart J. 22: 450, 1941. 

. Wolferth, C. C., and Wood, F. C.: Histologic Demonstration of Muscular Connecting 
Between Oracle and Ventricle in a Case of Short PR Interval and Prolonged QRS, 
Am. Heart J. 25: 454, 1943. 


. Mahaim, I.: Wolff-Parkinson-White Syndrome, and Its Pathology, Helvet. med. acta 8: 
483, 1941. 





VERTIGO AND RELATED CONDITIONS* 
A New THERAPEUTIC CONCEPT 


Major Maurice Eniaser, Jr., M.C., A.U.S. 


IZZINESS, giddiness, lightheadedness, sensations of impending syncope, 

and actual syneope are well recognized as manifestations of cerebral 
anoxemia. It is also a fairly well accepted clinical fact that the most frequent 
cause of this anoxemia is cerebral ischemia, which is caused by cerebral arterio- 
sclerosis with or without arterial hypertension. There has been some question as 
to whether true vertigo with its associated loss of equilibrium and sensation of 
rotation, with reference to external space, is ever caused by cerebral arterio- 
sclerosis in the absence of thrombosis or rupture of a vessel, although it is ad- 
mitted that dizziness and lightheadedness are common manifestations of this 
condition.’ Actual vertigo, however, has been considered in some instances to be 
a manifestation of intrinsie vascular disease which may or may not affect the 
labyrinth.®»* Lindsay,* in commenting on labyrinthine dropsy, has stated that 
vasomotor instability may be one of its more likely causes. 

Also worthy of consideration is the likelihood that the various symptoms, as 
mentioned in the foregoing paragraph and which are manifest in the presence 
of cerebral arteriosclerosis, are caused by a decrease in volume of the blood flow 
with resultant tissue anoxia. This is analogous to the situation which occurs 
in angina pectoris and intermittent claudication when the vessels supplying the 
myocardium and lower extremities, respectively, are involved in oeelusive 
arterial disease. Clinically, it would appear that one of the more important 


causes of vertigo, giddiness, and allied symptoms in the older age group mani- 
‘| 


festing arteriosclerosis is cerebral ischemia; this result is due to the sclerotic 
arterial vessels being insufficiently elastic to compensate for rapid changes 
of pressure. Especially is this true in regard to the intracranial arteries when 
the labyrinth is involved; the effects of gravity must be overcome. Also, it is 
known that only minute degrees of ischemia are necessary to produce symptoms 

The complaints of patients suffering from the syndromes under discussion 
~ vary from vertigo and syncope to ill-defined sensations of dizziness and light- 
headedness. Characteristically, these symptoms are noted on arising from bed 
or when suddenly sitting up; they generally follow rapid changes of the posi- 
tion of the head, especially from dependency to the orthostatic position. 

It is believed that because of the effects of gravity involved in the venous 
return from the brain, there may be a disparity between cerebral volume blood 
inflow and outflow in persons with impaired arterial circulation. This alteration 
of the normal balance of the circulation® cannot be appreciably improved in 


*From the Department of Medicine, University of California Medical School, San Fran- 
cisco, Calif., and the Cardiovascular-Renal Section, Hoff General Hospital, Santa Barbara, 


Calif. 
Received for publication, Dec. 10, 1948. 


680 





ELIASER: VERTIGO AND RELATED CONDITIONS 681 


organic vascular disease by attempted improvement of the arterial circulation. 
However, the venous circulation of the intracranial contents is amenable to 
change inasmuch as the entire venous return is ultimately carried by the jugular 
veins. Application of certain physiologie principles involved in therapeutic 
venous occlusion for arterial disease of the extremities® and coronary arteries’ 


to the cerebral circulation seems pertinent. By use of the plethysmograph it 


has been shown that following venous ligation in the normal, as well as the 
arterially deficient, extremity, there is produced an increased arterial pulsation 
which is caused by dilation of the vessels themselves. It has been demon- 
strated experimentally that the effect of improved circulation to the part affected 
is not a humoral or nervous mechanism, but rather a meehanieal one. Like- 
wise, it has been shown that venous ligation, as well as the use of pneumatic 
tourniquet,® produces engorgement of the distal veins and venules which in 
turn is transmitted through the capillary bed to the arterial tree. This inerease 
in diameter reduces the resistance, and the increased volume of blood flow re- 
sults in the presence of fixed cardiae output. 

For these reasons, it was believed that obstruction in the venous return 
of the intracranial contents might prove beneficial in the treatment of symp- 
toms attendant upon inadequate arterial blood flow resulting from cerebral 
arteriosclerosis. With this object in mind, an elastie eollar, 24 of an ineh in 
width, was devised with a hook and eye attachment to permit ready removal; it 
is adjustable and may be tightened sufficiently to cause engorgement of the 
jugular veins without causing impairment of the arterial circulation. The 
collar was fitted into place at the base of the neck and well below the thyroid 
cartilage. The patients who were fitted with this device were advised to put it 
on fifteen minutes before arising from bed in the morning and to wear it con- 
tinuously until nighttime when it was to be removed fifteen minutes after 
retiring. 

Current conditions have made it impossible to obtain the clinical records 
of patients who were previously treated for a statistical tabulation; therefore, 
only one typical case report will be described. 

F. F., male, aged 49 years, had complained of dizziness since October, 1942. The 
patient entered the hospital on Feb. 9, 1943, prior to which time he had been very active; 
he had practiced dentistry for twenty years prior to October, 1942. Previously, he had ex- 
perienced no known arterial hypertension, renal disease, or other major illnesses, operations, 
or accidents. During the month of October, 1942, he noted the gradual onset of vertigo; 
this became quite severe within two weeks and necessitated his discontinuing his dental 
practice. The attacks consisted of recurrent sensations of loss of equilibrium, and subjective 
rotation, with reference to external space. These symptoms were noted most frequently upon 
arising from bed in the morning; they usually lasted four to five hours, then gradually sub- 
sided. Several of these episodes were induced by the rapid clevation of his head; other times 
they followed the tying of his shoelaces, or were incurred by leaning over a wash basin. 
Apart from the attacks of true vertigo, he experienced an almost continuous sensation of 
unsteadiness in his gait, insecurity while standing for prolonged periods of time, and, occa- 
sionally, fear of impending syncope as well as a slightly impaired memory for recent events. 
There was no associated tinnitus or hypacusis. The pressure was 168/108. The presence or 
absence of nystagmus at that time was unknown. The condition became progressively more 
severe, and the patient subsequently transferred to this hospital on Feb. 9, 1943. 
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Upon physical examination, the patient was observed to be a well-developed, active, 49- 
year-old man, without edema, cyanosis, or xbnormal increase of the venous pressure. General- 
ized peripheral arteriosclerosis was demonstrable in the temporal, radial, and pedal vessels. 
The blood pressure was 170/106. The carotid sinus pressure produced no change in the 
pulse rate, cardiac rhythm, or blood pressure, and was unassociated with any significant 
symptomatic response. The remainder of the physical examination was not remarkable. 

The hemanalysis, urinalysis, and blood Kahn examinations were normal. The phenol 
sulfonphthalein excretion totaled 82 per cent in two hours by the intravenous method. 
Roentgen ray examination of the chest and intravenous pyelography were normal. The 
electrocardiogram was within normal limits. Following a three weeks’ period of observation, 
during which time various medications were instituted and failed to alter the attacks of 
vertigo, the patient was fitted with the collar us previously deseribed. Since this time he 
has been free of dizziness, his sense of equilibrium is normal, and he has returned to work; 
he now is able to stand for as long as eight hours without a recurrence of these symptoms. 
In addition to the definite improvement of his memory, he has noted a greatly increased sense 
of well-being for the first time since the onset of symptoms in October, 1942. The blood 
pressure has undergone no change since the employment of the collar, 


Theoretically, the use of the collar would seem indicated in several econdi- 
tions other than those under discussion; for example: cerebral arterial thrombosis 
during its early phase, postural hypotension,’ '' if unassociated with intrinsic 
arterial disease, and the amelioration of symptoms noted by pilots during rapid 
descent, the so-called *‘blackout’’ sensation. 

The only untoward effects provoked by the wearing of this device have 
heen occasional headaches. These apparently are induced by the increased 
intracranial pressure which results from having the collar too tight, and they 
are relieved by reducing the tension of the elastic. The use of the sliding ad- 
juster on the collar, as is employed with garters, has proved to be a valuable 
contrivance for the maintenance of proper pressure. It has been observed that 
those patients with mild degrees of involvement are able to remove the collar in 
the afternoon without incurring a return of distressing symptoms; presumably, 


this is due to their having become adjusted to the orthostatie position by that 


time. No effects of carotid sinus stimulation have been induced by the wearing 
of the collar because of its position at the base of the neck. 

As a general rule, the tension of the collar is adjusted so that a demon 
strable venous pressure increase is obtained to the extent that venous engorge- 
ment is evident to the level of the mandibular angle. It has been found, how 
ever, that in fitting the collar to the individual person, the variations in the 
musculature of the neck, and other so far unknown factors, will require trials 
to be made with varying tensions before the optimum results are obtained in 
each instance. 

[It is realized that there is difficulty in evaluating any therapeutie procedure 
when the results are dependent upon purely subjective responses and are in 
capable of objective measurement. The possibility that examination of the 
retinal veins may be used as an index for establishing the degree of increased 
venous pressure is to be investigated. However, the accessibility of this device, 
its inexpensiveness, its lack of production of untoward effects, and its prove: 
value, albeit of a purely subjective nature, in a relatively small group of per 
sons, warrants its employment when other accepted methods of treatment fo 
vertigo and related conditions have failed. 
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SUMMARY 


1. The occurrence of vertigo, giddiness, lightheadedness, and syncope as 


manifestations of cerebral anoxemia resulting from cerebral arteriosclerosis is 
described. 

2. The rationale of the application of certain principles of therapeutic 
venous Occlusion for these symptoms is explained. 

3. The clinical history of a patient who manifested the afore-mentioned 
syndrome and the results of therapy with partial jugular venous ocelusion is 
reported. 

4. Application of the principles involved in other conditions resulting from 
cerebral anoxemia is intimated. 
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REVERSIBILITY OF SENSITIZATION OF ERYTHROCYTES 


(i. M. KaLMANSON, M.S., Pu.D., AND J. J. BRONFENBRENNER, PH.D., D.P.H., 
Sr. Lours, Mo. 


N PREVIOUS studies! we have sought to ascertain whether biologic agents 
which have been neutralized by antibody could be recovered in the active state. 
In these studies we took advantage of the fact that the proteolytic enzyme 
papain can apparently completely destroy the antibody function of the antibody 
molecule.2 Thus, when the neutralized agents were submitted to digestion with 
this enzyme, it was found to be possible to recover them in the active form. By 
this method we have succeeded in quantitatively **reactivating’’ neutralized bac- 
teriophage and botulinus toxin. Analogous experiments with intact, fully viru- 
lent pneumococci indicated that these organisms could be recovered in the 
virulent state even after having been completely sensitized, with all the anti- 
body they could adsorb, to the extent of complete loss of infectivity for mice. 
We have also ascertained that the floccules of precipitate formed by the inter- 
action of type specific polysaccharide of the pneumococcus with its homologous 
antibody could be dissolved by the action of the enzyme, with the liberation of 
the specific soluble substance into the medium. Finally, we have found that 
the pneumococeus ‘‘Quellung’’ reaction could be completely reversed by papain 
digestion, and the pneumococci thus denuded of their serum coating would again 
show ‘‘Quellung’’ reaction upon subsequent addition of fresh antibody.* 

These studies bring direct supporting evidence to the concept that when 
an active biologic agent is ‘‘neutralized,’’ the agent itself undergoes no essential 
change, except that it has become coated by antibody and thus eannot exert its 
characteristic action. When the antibody is removed, the original state of 
activity is restored. 

We were interested in studying by this technique the effect of sensitization 
of erythrocytes by hemolytic antibody (tamboceptor’’). Specifically, we wished 
to ascertain whether, by analogy with our previous findings, the susceptibility 
of sensitized eryvthroevtes to lytie action of complement could be abolished by 
the digestion with papain. 

Technique.—The stock papain solution used in these experiments was pre- 
pared as follows: 4 Gm. of papain powder (Sargent) was shaken with 100 
ml. of distilled water for one and one-half hours. It was then filtered through 
paper and diluted to 200 ml. This solution was kept at +7° C. under toluene 
and, when needed, an aliquot portion was activated by adding 0.1 ml. of 16 pe: 
cent solution of eystein hydrochloride for each ml. of enzyme solution, the 


hydrogen ion concentration adjusted to pH 7.0-7.2, and the mixture in- 
cubated at least thirty minutes at 37° C. before use. 


Received for publication, Feb. 21, 1944. 
From the Department of Bacteriology and Immunology, Washington University School of 
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The digestion of antibody was carried out by adding 0.1 ml. of the activated 
papain solution to 0.4 ml. of 4 per cent suspension of sensitized red cells and 
incubating for one hour at 37° C. The free enzyme was then removed by 
several cycles of washing with physiological salt solution in the angle centrifuge, 
and finally complement was added in the usual way to determine the presence 
or absence of sensitization. 

Rabbit antisheep amboceptor and guinea pig complement were used 
throughout these experiments. 

Results. In the preliminary experiments it was found that if 0.2 ml. of 
+ per cent suspension of red cells, sensitized with from two to ten units of 
amboceptor, is subjected to digestion with papain, the cells lose their suseepti- 
bility to lysis by complement. To control this experiment, the sensitized cells 
were mixed with comparable amounts of papain which had not been activated, 
or with cysteine alone, and in either case the cells remained sensitive to comple- 
ment. 

It was noted in the above experiment that when the 0.2 ml. of 4 per cent 
red cells suspension had been sensitized with 10 units of amboceptor or less, the 
superambiant fluid contained no free amboceptor, indicating that it had all been 
absorbed by the erythrocytes. We were interested in repeating these experi- 


ments under conditions where the red cells were completely saturated with 


amboceptor, that is, when they had been sensitized by large excess of amboceptor. 
In order to accomplish this, it was first necessary to ascertain how much ambo- 
ceptor a standard dose of red cells (0.2 ml. of 4 per ¢ent suspension) could 
absorb. Thus 0.2 ml. of the red cells was mixed with 10, 20, 40, 80, and 160 
units of amboceptor, respectively. The mixtures were then ineubated at 87° C. 
for 30 minutes, centrifuged, and the supernates tested for residual amboceptor 
by serial dilution method. It was found that the cells present in 0.2 ml. of 4 
per cent suspension took up approximately a maximum of 40 units of ambo- 
ceptor. 

The final experiment was then conducted as follows: To each of eleven tubes 
containing 0.2 ml. of 4 per cent suspension of red cells was added 80 units 
(large excess) of amboceptor (0.2 ml. of a 1:12.5 dilution). These mixtures 
were then centrifuged for 15 minutes in the angle centrifuge, and resuspended 
in 0.4 ml. of physiologic saline. To 8 of the tubes was added 0.1 ml. of activated 
papain, and the remaining tubes received, respectively, 0.1 ml. of saline, of 
papain solution which had not been activated, or of cysteine. The mixtures were 
reineubated for an hour at 37° ©. and then washed with saline 5 times (to re- 
move the added enzyme and other substances), and finally the sediments were 
each resuspended in 0.4 ml. of saline. Part of the tubes (1-4) in which the 
sensitized cells were digested with activated papain were tested for suscepti- 
bility to lysis by various amounts of complement, and part (508) were resensi- 
tized with various amounts of amboceptor and then tested with one unit of 
complement. As controls, the sensitized cells not subjected to papain digestion 
(9-11) were tested with one unit of complement. The results of the entire ex- 
periment are given in Table I. 

This experiment indicates that when the red cells are sensitized to saturation 
with an excess of amboceptor, they become resistant to the action of eomple- 
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TABLE | 


DESENSITIZATION OF ERYTHROCYTES BY DIGESTION OF THE ANTIBODY WITH PAPAIN AND 
RESENSITIZATION BY FURTHER ADDITION OF AMBOCEPTOR 


AMOUNT OF | AMOUNT 
| AMOUN’ 
— SENSI ; s AMBOCEPTOR OF 
TUBE te a TREAT OF COM : 
TIZED | ENZYMES cen | oO RESULT | ADDED FOR | COMPLE 
NO. } MEN’ PLEMENT ) 
CELLS | ‘ RESENSITIZA MENT 
ADDED 
| TION ADDED 
ml. 0.1 ml. Units Units 
(4 | Active Papain lysis 
0.4 | Active Papain lysis 
0.4 Active Papain lysis 
0.4 | Active Papain lysis 
0.4 Active Papain 
0.4 Active Papain 
0.4 |} Active Papain 
(0.4 Active Papain 
0.4 Saline 
0.4 Papain not ac 
tive 
0.4 Cysteine Lysis 


at 


hour 


one 


Lysis 
Lysis 


resuspended in 0.4 ¢.c, 


Incubated 
times 
saline 


ment upon digestion of the antibody. This is true even when as much as 20 units 
of complement are used to induce hemolysis, indicating the completeness of the 
return to the unsensitized state. These cells can now be resensitized with even 
a minimum amount of amboceptor (1 unit) so that they become susceptible 
to hemolysis by but one unit of complement. 

These results shed no direct light on the mechanism of the action of comple 
ment on the sensitized red cell. However, they do indicate that there has been 


apparently no permanent change in the cells as a result of the combination with 
hemolytic antibody as the cells revert to their original state of nonsusceptibility 


to complement upon the removal of the antibody from their surface. 


SUMMARY 


Red cells sensitized with an excess of amboceptor may be rendered com 
pletely resistant to complement, if the antibody is digested away by means of 
papain. These previously sensitized cells, after digestion by papain, can now 
be resensitized with a minimum of amboceptor. 
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NOTE ON THE ‘‘DIGESTION”’ OF METAL IN THE STOMACH* 


H. NecHeves, M.D., Pu.D., ann W. H. Otson, Cutcaaco, Iu. 


HE ‘‘digestive’’ power of the stomach for metals has impressed us for a num- 
ber of years during our experience with metal cannulae of all types used for 
the draining of gastrostomies or of pouches (Pavlov or Heidenhain) in dogs. 
The cannula consisted of a base plate and a tube. The base plate held the ean- 
nula in the stomach or pouch, and the tube was protruding to the outside, thus 
draining the stomach or the pouch. The cannulae were made of brass, ordinary 


steel, and stainless steel. They were made either of one piece, or the base plate 
was soldered, screwed, or braised to the tube. Soft, hard, or silver solder was 
used. A number of cannulae had been plated on the inside and outside with 
nickel, gold, or chromium. During periods varying between months and years 
a number of these cannulae dropped out of the stomachs or of the pouches 
because the solder from the base plate had dissolved; hard solder or silver 
braising were affected slower than soft solder, but dissolved nevertheless. We, 
therefore, constructed cannulae from one piece of metal in order to be certain 
that the gastric juice could not act on the joint between the plate and the tube. 
These cannulae lasted somewhat longer but were ‘‘digested’’ away eventually. 
In another number of dogs the base plate had dissolved entirely, or a section 
of the metal tube above the base plate had been ‘‘digested.’’ The metal which 
apparently was destroyed easiest was stainless steel. On inquiry, the manufac- 
turers told us that stainless steel had little resistance to weak mineral acids 
and that we would have been better off if we had used ordinary steel. In a 
number of cannulae a hole was digested through the tube, so that gastric juices 
leaked out around the tube. 

Plating of the cannulae with different metals was not of much value. Ap- 
parently, small eracks or small bubbles which had been formed during the 
plating and which were not visible to the eye led to a diffusion of acid under 
the plating and to the eventual destruction of the cannula. The most resistant 
cannulae were those made of brass, but even they eventually became ‘‘digested.’’ 
Apparently there are individual differences between dogs, because some animals 
might retain their cannulae for many years and in others they might be destroyed 
within a few months. We cannot explain this difference. The acidity in the 
pouches of our dogs was high; in many of them near the limits of the physio- 
logie capacity of the stomach to secrete acid. In the case of the gastrostomy 
dogs, the acidity was naturally lower, because food, saliva, regurgitation, ete., 
tended to diminish it considerably. However, in these dogs ‘‘digestion’’ of the 
cannulae occurred. 

*From the Department of Gastro-Intestinal Research of Michael Reese Hospital. 
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From the standpoint of the experimentalist it is to be welcomed that 
Wangensteen and his associates have developed a new cannula from plastic 
material. We hope that this cannula will stand up better in prolonged chronic 
experiments than our metal cannulae. We want to bring our experience to the 
knowledge of other workers in this field as a warning, and to the members of 
the medical profession in order to demonstrate how powerful the gastric juice 
is, not only to our ordinary food, but even to strong metal. 





THE ADJUVANT EFFECT OF AEROSOL UPON THE GERMICIDAL 
ACTION OF CADMIUM CHLORIDE 


ARTHUR F, Coca, M.D., PEARL River, N. Y. 


HE limitation of the fungal causes of ringworm to the epidermis and its 

appendages has suggested local treatment of this infection with fungicidal 
agents, and such treatment has been so frequently successful that one could 
be encouraged in the thought that the complete success of the method could be 
accomplished through a study of the several factors that conceivably are con- 
cerned in it. 

In the present study the following pertinent factors have been considered : 

1. The selected fungicidal agent should be one possessing a relatively low 
toxic or irritative property with respect to the cutaneous tissues. 

2. The fungicidal agent should possess a sufficient property of diffusion 
into the cutaneous tissues and into the infective fungi; or if this property of 
diffusion is not sufficient in the agent itself, nonirritative adjuvants of such 
property must be sought. 

3. If such an agent or mixture has been found it must be applied in a man- 
ner that allows sufficient time for effective penetration of the infected tissues 
and the infective fungi. 

In 1935 the fungicidal property of cadmium chloride was strikingly shown 
when a heavy growth of mold that had resisted an oily antiseptic having a phe- 
nol-coefficient of 11 was entirely destroyed by a single application of a 10 per 
cent aqueous solution of cadmium chloride. 

A one per cent solution of cadmium chloride in 20 per cent ethyl alcohol 
was then used in the treatment of a scaly eezema of the scalp and auditory 
canals. There was less sealing when the solution was applied daily but the 
eczematous lesions of the scalp were hardly influenced. The solution was not 
irritating. 

When the marked wetting property of sodium dioctyl sulphosuccinate, 
Aerosol OT, became known, it seemed likely that its addition to the aleoholic 
solution of cadmium chloride would favor diffusion through the tissues and pos- 
sibly penetration of the infective microorganisms by the cadmium salt. 

One per cent of aerosol was used and it was found necessary to inerease 
the concentration of the alcohol to 30 per cent in order to keep the mixture in 
solution. 

The application of this solution daily to the scalp and ears in the above- 
mentioned case soon caused disappearance of the dandruff and healing of the 
eczema. Thereafter, recurrence of the condition could be prevented by applica- 
ions at about three-day intervals. 


From the Lederle Laboratories, Pearl River, New York. 
Received for publication, Feb. 24, 1944. 
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The same person was affected with recurring ringworm of the forearms and 
feet (athlete’s foot) and these infections were entirely cured and later re- 
currence could be prevented through appropriate use of the alcoholic solution 
of cadmium chloride and aerosol. On one occasion the weekly use of the solution 
on the feet was discontinued for three weeks, after which time the early lesions 
of athlete’s foot suddenly appeared between the second and third toes of the 
right foot accompanied with an intolerable itching. The condition healed in 
about three days after local applications of the solution were begun. 

On the basis of these encouraging preliminary experiences, a number of 
cases of ringworm, affecting chiefly the feet, were treated with almost invariable 
suceess. Exceptionally resistant were infections of the plantar and palmar skin 
and the fingernail. Such cases required longer treatment, contact with the 
solution being maintained for 15 minutes or longer with gauze or cotton wet 
with the fluid. Clinical details of these cases will be reported elsewhere. 

The first experiments designed to demonstrate the enhancement of the 
fungicidal action of cadmium chloride through the admixture of aerosol were 
earried out in an aqueous medium. The aerosol was used in a 50 per cent solu- 
tion in propylene glycol, which was itself fungicidal. The addition of aerosol 
distinctly, though not markedly, increased the fungicidal action of the cadmium 
salt. When, however, the tests were carried out in a 20 per cent ethyl aleoholic 
medium the adjuvant action of aerosol was found to be remarkably strong. 
This experiment is illustrated in the table. 


TABLE I 


Illustrating the experiments that show the adjuvant effect of aerosol upon the germicidal 
action of cadmium chloride. The solutions of cadmium chloride and those of aerosol were 
made in 20 per cent ethyl alcohol. 

The percentile figures of the two substances in the mixtures represent the final per- 
centages obtaining after the mixtures were made. A constant quantity of the respective 
emulsified* microorganisms was transferred with bacteriological loop to the several mixtures 
and control fluids and after one-half hour a loopful of each of these was spread over the 
surface of a suitable nutrient agar slant. The slants were incubated at 27° C. The readings 
for survival were made after 48 hours. 


CdCl, (146%) Growth after CdCl, (4% ) Growth after 
in each tube 48 hours in each tube 18 hours 


aerosol Monilia albicans aerosol Monilia albicans 
% 
As none Ae. none 
Igo none ee none 
none none 
none 2 
none < Vase few 
l 1 good 


vood zood 


Aerosol alone Monilia albicans 
in 20% ethyl 
alcohol 
% 
= 4 
( good 
1G good 
heavy 


*The well-shaken emulsion of Monilia albicans was filtered through a silk fabrie. 
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It is seen that whereas cadmium chloride alone in concentrations of 4 and 


1, per cent in 20 per cent aleohol was incapable of sterilizing suspensions of 
the microorganisms used in the tests, and whereas aerosol alone in the same 
solvent failed to kill these microorganisms in concentrations of 4, per cent, the 
same two concentrations of cadmium chloride did sterilize the suspension when 
mixed with aerosol in concentrations as weak as '4;5,, per cent and 144 per ceni 
respectively. 





TREATMENT AND CONTROL OF EPIDERMOPHYTOSIS AND 
BROMIDROSIS IN A STATE SCHOOL WITH CADMIUM 
CHLORIDE-AEROSOL SOLUTION 


G. W. T. Warts, M.D., THteuus, N. Y. 


PIDERMOPHYTOSIS and bromidrosis are two clinical conditions oceur- 

ring in institutions for which many remedies have been prescribed but 
for reasons discussed below few have been found entirely satisfactory. Re- 
cently, however, Lederle Laboratories of Pearl River, N. Y., made available to 
Letchworth Village, for investigational use, a cadmium chloride-aerosol solu- 
tion which they had shown by laboratory and clinical tests to be fungicidal and 
antiodorant. This solution was given a clinical trial on 100 institutional cases. 
The results here recorded have shown it to be effective in the treatment and 
control of both epidermophytosis and bromidrosis, and most practical for in- 
stitutional use. 

This ¢linical trial was conducted among the adult female group at Letech- 
worth Village, a state school under the New York State Department of Mental 
Hygiene, situated at Thiells, N. Y. Epidermophytosis and, to a lesser extent, 
bromidrosis are an ever present medical problem in this institution. These 
women, for the most part young and able-bodied, work during the day in various 
parts of the institution such as the laundry, the kitchens, and the infirmaries. 
Because of the nature of their work and the shoes worn their feet sweat or may 
be wet a good part of the time. Since such conditions favor the growth of the 
infeetious fungi, it has not been unusual to find 25 per cent or more of patients 
in a cottage or dormitory afflicted with epidermophytosis of varying degrees of 
severity. 

Prior to the use of the cadmium chloride-aerosol solution, various approved 
methods of treatment for epidermophytosis had been tried without reducing 
materially the incidence of the condition. These included such measures as the 
daily use of foot baths of 1 per cent sodium hypochlorite; daily foot baths of 
1:5000 potassium permanganate solution; daily application of Whitfield’s oint- 
ment U.S.P. full or half strength and in the most severe cases application of 1 
per cent aqueous solution of gentian violet. 

While effective in individual cases, each of these methods has disadvan- 
tages when applied to an institutional group. Foot baths are too time-consum- 
ing, particularly when one attendant has to treat a great number of cases in 
a limited time. Whitfield’s ointment, even when used half strength, may caus 


erythema, burning, and itching in a certain number of cases. Gentian violet 


has been reserved for severe eases, for, while it gives highly satisfactory results 
clinically, it is difficult to remove from the hands, from floor or bed clothing 
and, therefore, is unsatisfactory because of the extra work it causes. 

From Letchworth Village, Thiells, New York. 
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The cases of epidermophytosis selected for treatment with cadmium 
chloride-aerosol solution were of two general types which we here designate 
as intertriginous and hyperkeratotic. The first group (intertriginous type) 
comprised 70 recent cases of mild, moderate, or extreme severity. In the 
mild and moderate cases, the skin between the toes was white and macerated 
with deep fissures occurring frequently. In severe cases, skin surfaces were 
raw and paintul,. 

In these cases the feet were bathed daily, after which the solution was ap- 
plied freely with a cotton-tipped applicator. In severe cases, the patients were 
confined to bed and treated with wet dressings of boric acid solution until they 
were able to bear the cadmium chloride-aerosol solution. Treatment was con- 
tinued daily for from two to four weeks, although the itching was controlled 
and the drying effect of the solution observed after a few days. <All eases were 
eured under this regime. 

In two instances daily use of the cadmium solution caused reddening and 
itchine of the skin. In such eases treatment was discontinued and a mild 
iodine ointment was used for a few days. Thereafter, treatment with eadmium 
chloride-aerosol solution was given two or three times a week. 

The likelihood of reinfection from patients’ shoes or from bathroom floors 
used by infected individuals was recognized. Since the actual fumigation 
of shoes as advocated by Beckman' is impractical for us at present, the shoes 
were sponged with cadmium chloride-aerosol solution and exposed to the sun 
during the day. Since these measures are probably inadequate, chief reliance 
for prevention of serious recurrence is placed upon the systematie weekly in- 
spection of the patient’s feet with resumption of treatment where recurrences 
appear. 

The second group (hyperkeratotic type) comprised fourteen cases. In ad- 
dition to showing some or all of the lesions described in the former group, the 
epidermis on the soles and sides of the feet was thickened, leathery and, in 
some instances, covered with grevish-white scales. In most of these cases the 
toenails were infected (onychomycosis). Skin specimens taken from six of these 
cases showed the presence of the fungous infection. 

The technique of treatment used for the intertriginous type was found use- 
less here. Instead, these patients were required to soak their feet in an ade- 
quate amount of the cadmium chloride-aerosol solution ten minutes daily after 
whieh the feet were massaged vigorously, thereby removing much of the in- 
fected epidermis. To date none of these patients has been cured, but they 
show definite improvement. The solution has been found nonirritating. 

Treatment was applied to two cases diagnosed as epidermophytosis of the 
hands, the patients having previously had a severe infection of the feet. The 
hand condition healed completely after three weeks. Treatment was applied to 
one case of tinea cireinata, with successful results 

lor epidermophytosis the cadmium-aerosol solution has been found not 
only effective therapeutically, but safe, easy to apply, convenient, and, there- 
fore, particularly suitable for institutional use where many patients may have 
to be treated in a limited time. The solution, applied in these cases over a con- 


siderable period of time, has caused no apparent damage to the clothing. 


‘Beckman: Treatment in General Practice, ed 4, W. B. Saunders Co., p. 793. 
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BROMIDROSIS 


To try the value of cadmium-aerosol solution as a deodorant, sixteen female 
patients who suffered severely from bromidrosis, manifested as odorous under- 
In all of these cases, even though shaving was 


arm perspiration were selected. 
performed at monthly intervals, the underarm odor was so strong that it would 


pervade a moderately sized room in a few minutes. 

Each patient treated herself daily. After bathing, the solution was ap- 
plied under arm with the finger tips. In all cases the results have been highly 
satisfactory and, where the patient is not doing heavy work, the odor is con- 
trolled completely. No complications have resulted. The solution is non- 
irritating to the skin and does not affect clothing deleteriously. 

Similarly six cases were selected who were afflicted with bromidrosis of the 
feet. Each was put under treatment. The feet were bathed daily after which 
the solution was applied with a cotton-tipped applicator. 
jectionable odor was completely controlled. 


In all cases the ob 


TABLE I 
SUMMARY OF CLINICAL RESULTS IN 103 CASES WirH CaApMIUM CHLORIDE-AEROSOL SOLUTION 
DIAGNOSIS 
l. Epidermophytosis 
A. Hyperkeratotic 14 
B. Intertriginous 
l. Slight 38 
2. Moderate 
>. severe 


NO. OF CASES CURED IMPROVED 


14 


Ll. Bromidrosis Controlled 
12 


A. Underarm 
B. Feet 
LI. Tinea circinata 


6 


The cadmium echloride-aerosol solution submitted to the institution for in- 
vestigational study has been in use for the past seven months. The incidence 
of eases of epidermophytosis during this time has been reduced markedly. 
Present indications are that we have here a therapeutic agent by means of which 
we can effectively reduce the severity and control the spread of epidermophytosis 
among a group of susceptible patients. Likewise, it is an efficient and convenient 


antiodorant. 





MANUAL AND MECHANICAL RESUSCITATION IN EXPERIMENTAL 
ASPHYXIA 


BERNHARD STEINBERG, M.D., AND ALBERT Direrz, PH.D., ToLeEpo, OHIO 


HE purpose of this work is to determine the relative efficiency of manual 

and mechanical resuscitation with the type of instrument emploved in our 
experiments. Sufficient reduction of oxygen intake results in severe damage 
to tissues and eventually in death. Complete restriction is fatal within several 
minutes. Conditions in which the body oxygen content is reduced are referred 
to as anoxia. Occasionally, the term is used interchangeably with that of 
asphyxia. However, the latter designation is applicable to those states which 
are associated with circulatory failure and retention of earbon dioxide.! 


METHODS AND RESULTS OF INVESTIGATION 


Asphyxia was produced by placing a tightly fitting rubber mask over the 
face of a dog and closing the open end with a rubber stopper. The animals 
were under sodium pentobarbital anesthesia. 

In order to study gross changes in lunes and heart, asphyxia was induced 
in some animals by excising the anterior part of the chest wall. This produced 
an equalization of pleural and atmospherie pressures. After variable periods 
of asphyxia, resuscitation was administered either manually or mechanically 
with the McKesson resuseitator. 

During the experiments, blood pressure tracings were obtained by means 
of a mereury manometer connected to the femoral artery. Respiratory activity 
was recorded by placing an inflated rubber tube over the chest and abdomen 
and connecting it to a tambour. In many instances bronchial respirations were 
obtained by connecting the tambour to the mask through the medium of a 
metal tube. Blood was drawn for quantitative analysis of oxygen and carbon 
dioxide from the femoral or carotid artery. Blood was drawn under oil. The 
analyses were made by the method of Van Slyke and Neill.? 

To study the effects of resuscitation in carbon monoxide anoxia, the gas 
was administered to animals by a spirometer (with soda lime) whieh was filled 
with a mixture of 500 ¢.e. of carbon monoxide and four liters of oxygen. Carbon 
monoxide was obtained by the interaction of sulfurie and formie acids. The 
animals were allowed to breathe the mixture. When maximum respiratory ef- 
fects were obtained, treatment was begun. This study was done to determine 
the rapidity of displacement of carbon monoxide by oxygen under various 
methods of resuscitation. Carbon monoxide analyses were done by the modified 
method of Van Slyke and Neill® on blood drawn from the femoral artery. 

Asphyxia was produced by closing the open end of the mask and after vary- 


ing intervals of complete cessation of respiratory movements, manual artificial 


From the Toledo Hospital Institute of Medical Research, Toledo, Ohio, 
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respiration was applied on four dogs in seven instances (Table 1). Quantitative 


analyses for oxvgen and carbon dioxide in arterial blood were made at regular 


intervals during the asphyxial and recovery periods and correlated with blood 


pressure and respiratory movements. 


TABLE | 


ASPHYXIA FOLLOWED BY MANUAL ARTIFICIAL RESPIRATION 
CESSATION OF RESPIRATORY 
MOVEMENTS FOR 


EXCLUSION 
AIR 


rOTAL 


NO. OF 


EXPERIMENT FOR 


MINUTES 
3 


») 
6 


SE 


ONDS SECONDS 


31 
31 
24 
16 


MINUTES 
: ma 

17 

10) 

16 


» 


OUTCOME 
Died 
Survived 
Died 
Died 
Survived 


6 19 2 
6 24 16 Survived 
G 10) 23 Survived 


Oxygen was quickly depleted from the arterial blood. The gas reached the 
low content of 0.17 to 1.41 volume per cent in 2 to 7.8 
The total oxygen loss varied from 83.5 to 98 per cent of the preasphyxial level. 
The total in- 


minutes of asphyxia. 


The carbon dioxide gain was from 3.7 to 10.1 volume per cent. 
crease of carbon dioxide from the preasphyxial level varied from 6.5 to 25 per 
These variations were due probably to the degree of narcosis, hemo 


cent. 
In less than two minutes after manual 


globin content, acid-base balance, ete. 
resuscitation was started, the oxvgen content of the arterial blood reached the 
preasphyxial level. The carbon dioxide decreased below the preasphyxial con 
tent. 

In instances of recovery, the blood pressure rose fairly quickly, in 18 to 34 
In manual 


seconds after artificial respiration was begun. some cases when 


TABLE I] 


ASPHYXIA FOLLOWED BY ARTIFICIAL RESPIRATION WITH PHE RESUSCITATOR 


RESUSCITATION 
BEFORE MAXIMU\ 


BLOOD PRESSUR 
IS REACHED 


CESSATION OF 
RESPIRATORY 


MOVEMENTS 


EXCLUSION 
ATR FOR 


TOTAL 
NO. OF OF 


EXPERIMEN’ 


| SECONDS 
$5 
D4 
38 
2 S] 
5 1s 
D4 27 
16 


yt) 


ONDS 
31 
96 


19 


SECONDS | MINUTES SE 


MINUTES 
: 6 ] 


GS bo bo 
= Bw > 


~“] 


SI 


30 


*Animals died. All others survived. 
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resuscitation was too brief for the degree of asphyxia, the blood pressure, after 
an initial rise, fell again. Subsequent manual resuscitation resulted in smaller 
blood pressure elevations. 

Asphyxia was produced eighteen times in eleven dogs in one series of ex- 
periments. After variable periods in which complete cessation of respiratory 
movements was obtained, artificial respiration with the mechanical resuscitator 
delivering oxygen was instituted (Table I1). Quantitative analyses for oxygen 
and carbon dioxide of arterial blood and records of blood pressure and re- 
spiratory movements were obtained. 
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Fig.1.—A, Example of oxygen and carbon dioxide content in the arterial blood during 
asphyxia and after artificial respiration by a mechanical resuscitator. Note the rapid rise of 
oxygen to level greater than preasphyxial. Carbon dioxide dropped to a level below pre- 
aspliyxial. The animal survived. B. Example of oxygen and carbon dioxide content in the 
arterial blood during asphyxia and after manual artificial respiration. The animal died. 
Not: the considerable sluggishness in return to preasphyxial levels as compared with animal 
siven mechanical resuscitation with oxygen in A in which the animal survived. 


The loss of oxygen and gain in carbon dioxide during the asphyxial periods 
Was essentially similar to that described in the experiments on manual resuscita- 
tion. In the stage of recovery, the return of oxygen was more rapid and it 
reached a higher concentration than in the preasphyxial period. The aceumu- 
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lated carbon dioxide, after resuscitation had been begun, was lost rapidly. 


The restitution to preasphyxial levels was within the space of a minute. 
(Fig. 1.) 

The maximum blood pressure was reached in surviving animals in from 
18 to 105 seconds after resuscitation was begun. The pressure leveled off in 
the course of a few minutes. The respiratory movements returned to approx- 
imately preasphyxial type within the same period. 

At no time during the life of any of the animals, did air or resuscitatine 
gas fill the stomach. The organ became distended only when death occurred. 

The next series of experiments was performed on seven does to obtain a 
comparison of three methods of removal of carbon monoxide: inhalation of 
air, inhalation of five per cent carbogen and resuscitation with oxvgen. Carbon 
monoxide was removed most rapidly by inhalation of carbogen. Resuscitation 
with oxygen was almost as efficient. Inhalation of air lagged considerably be 
hind the other methods. (Fig. 2.) 


Fig. 2.—Determination of carbon monoxide in the arterial blood following treatment b) 
inhalation of air, inhalation of carbogen, and resuscitation with oxygen. Note the greater 
efficiency of the latter two procedures. 


The McKesson resuscitator and inhalator employed for artificial breathing in 
our experiments is of the following construction. The machine operates }) 
virtue of compressed gas in the evlinder. The gas pressure in the eylinder in 
the ease of oxygen is reduced to 50 pounds per square inch from a possible max- 
imum of 2,000. Mechanical inhalation and expiration is accomplished by the 
action of gas under the reduced pressure on a piston which operates a bellows. 
The gas used to operate the piston is also delivered to the patient. The Me- 
Kesson machine differs from other similar devices in the following: the volumes 
of gas delivered in inspiration and removed at expiration are fixed; a part otf 
the expired air is reused; the balance of that air escapes through an escape 
valve which may be set at varying pressures; an additional fixed safety valve is 
provided for escape of the air. As a consequence of this mechanism, the lungs 
are never completely depleted of residual air. There are three controls. (ne 
valve controls the rate of resuscitation. Another regulates the volume of gas 
introduced and withdrawn from the lungs. The third valve controls the pres- 
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sure of the gas delivered to the patient (Fig. 8). There is also an inhalation 
device which allows the patient to inhale any volume of gas he desires up to 130 
liters per minute, 

In order to study the effects of the resuscitator, artificial respiration with 
the machine was administered to seven dogs under sodium pentobarbital an- 
esthesia for periods varying from one to eight hours. Two of the animals were 
killed for the study of anatomic changes. One animal had been given artificial 
respiration for three hours and was killed immediately afterward. The other 
dog was given artificial respiration for six hours and killed twenty-four hours 
later. Gross examination of the organs revealed no abnormalities. Histologie 
study of the organs showed no abnormal changes outside of a mild hyperemia. 

Analyses for oxygen and carbon dioxide of the arterial blood were done 
at regular intervals during the period of artificial respiration. The oxvgen con- 
tent showed an initial increase within the first five minutes, which varied from 
3.22 to 6 volume per cent. The gas content in the arterial blood during the rest 


of the experiment continued more or less at this increased level, 
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\ schematic drawing of the McKesson resuscitator device, A indicates gas flow during 
patient’s expiration. B, gas flow during patient’s inspiration. 

The carbon dioxide content of the arterial blood was decreased during 
the first 5 to 15 minutes of artificial respiration. The decrease varied from 
l to 5.5 volume per cent. The carbon dioxide content varied during the ex- 
periment from the preresuscitation level to that in the first several minutes. 
Since the resuscitator allows the rebreathing of part of the expired earbon di- 
oxide, it would appear that the gas would be elevated in the blood. However, 
that was not true. It was apparent that the physiologic regulation limited the 
gas content. The rebreathing of part of the expired air takes the place of car- 
bogen administration. 


DISCUSSION AND SUMMARY 
Acute asphyxia is a relatively rapid state which extends over a period which 
sellom exceeds fifteen minutes and which terminates in death. 
Oxygen and carbon dioxide exchange constitutes the essential factor in 
these experiments. Within two to four minutes of acute asphyxia, the blood 
becomes almost completely devoid of oxygen. To insure recovery of the animal 
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in acute asphyxia, the oxygen must be restored with a rapidity comparable to 
its loss. Accumulation of carbon dioxide is simultaneous with loss of oxygen. 

Methods in treatment of various degrees of asphyxia or anoxia may be 
classified into spontaneous and artificial. The former method presupposes the 
presence of adequate voluntary respiratory movements. The spontaneous 
method may be further subdivided into inhalation of air or oxygen or oxygen 
and carbon dioxide mixtures from an appropriate apparatus. The artificial 
method may he divided into manual resuscitation by various procedures such 
as Schaefer, Silvester, ete., and mechanical by several current devices. Since 
recovery of the animals was not attempted until al] respiratory movements had 
ceased, the spontaneous method played no part in our asphyxial experiments. 

Artificial manual resuscitation was performed on a number of animals. 
Recovery was obtained in a fairly large percentage. Reeovery, however, was 
possible only when the duration of asphyxia was relatively short. The return of 
oxygen content of arterial blood was relatively slow. In some instances, death 
occurred after recovery from acute asphyxia with the oxygen content of the 
blood at normal preasphyxial level. It is believed that the cause of death was 
largely due to the sluggish return of oxygen and production of irreversible 
tissue damage. Artificial respiration with a mechanical device was responsible 
for a greater number of survivals. Survival was achieved after a relatively 
long period of asphyxia. Return of oxygen content to greater than preasphyxial 
levels was instantaneous. 

In recovered animals, normal breathing and cireulation was established 
after a relatively brief period of artificial respiration by either method. With 
the particular device employed in our experiments, there is a partial rebreath- 
ing of the expired carbon dioxide. This serves to add carbon dioxide to the 
resuscitating pure oxygen. There was no abnormal accumulation of carbon 
dioxide in the arterial blood nor were any disturbing physiologic effects noted. 
Mechanical devices have received condemnation from some investigators* ° and 
In our opinion, each method has its value de- 


warm support from others.* 
pending upon conditions which eall for their employment. When a mechanical 
device is not available, obviously the manual method must be utilized. On the 
other hand, availabilitv of a tested mechanical device justifies its use. is 
felt, however, that an intimate knowledge of the particular method and device 
is essential for its mest effective use. In these experiments, no damage directly 
to the lung tissue or indirectly to other organs or tissues was observed even 
under exaggerated prolonged period of mechanical resuscitation. 
CONCLUSIONS 

1. Resuscitation with high percentage of oxygen administered in acute 
asphyxia by a mechanical device used in our experiments resulted in a more 
rapid return of oxygen content in the arterial blood than in manual resuscita- 
tion. 

2. Prolonged resuscitation with the mechanical device did not produce 
abnormal functional or tissue changes in animals. 

3. Inhalation of carbon dioxide and oxygen or resuscitation with oxygen 


and rebreathing of expired air with the mechanical device resulted in a rapid 


elimination of carbon monoxide. 
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4. Mechanical resuscitation in acute asphyxia with the device employed in 
vur experiments is a more efficient procedure than manual resuscitation. 
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BOTULISM FROM HOME-CANNED BEETS 
Betty L. Hauu,* Los ANGELES, CALIF. 


ITHIN the last three months, there have been brought to the attention 

of the Los Angeles City Health Department, two outbreaks of botulism 
caused by eating home-canned beets. 

The case reported herein occurred around Jan. 6, 1944, and the investiga- 
tion was made by Mr. R. S. Plunkett, R. S., of this department. 

As the history of the cases, methods of canning of the beets, their subsequent 
handling, and the laboratory findings were in accord, we considered the ease 
worthy of a detailed report. 

On Jan. 6, 1944, Mrs. S., during the process of coneoctine some **borseht.”’ 
removed seven whole beets and a pint of the red beet juice, from a jar of home 
canned beets, and, after proper preparation and manipulation, this mixture was 
added to the other ingredients to complete the above ‘‘delicaey.’’ The sam 
day, about 6 p.m. Mrs. S., and her two grandchildren, aged 11 and 7 years, par 
took of this ‘‘borseht.’’ 

The following day, the 7-vear-old child returned from school at noon com- 
plaining of terrific vomiting and retehing and, as her grandmother deseribed 
her, ‘‘with her eyes almost popped out.’’ She was taken to the hospital and 
succumbed the following day with symptoms typical of botulism. The other 
child, aged 11, also returned from school the same day as the first, about 8 P.M., 
with similar symptoms; she was sent to the hospital and also died the following 
day. The grandmother was stricken about 6 p.m. with dizziness, violent vomit 
ing, and blurred vision. She was sent to the hospital, given 15,000 units of 
hbotulinus antitoxin and eventually recovered. 

Specimens of the beets and some of the borscht was submitted to the labor: 
tory for examination. Animal inoculations, controlled with botulinus antitoxin 
A and B, showed that the beets and likewise the borscht, contained type A 
botulinus toxin. Anaerobic cultures were also made from the beets in order to 
isolate the causative organism. The beets showed a reaction of pH 6.9 which. is 
practically neutral. 

In describing the method used in canning the beets, Mrs. S. stated that she 
had first boiled the beets a few minutes until the skins would peel easily, then 
reboiled them and put them into the washed half gallon syrup container jars. 
Krom the fact that the label was still intact and in good condition on the jar, 
when received in the laboratory, it was assumed that very little washing and no 


sterilization was attempted on this container. The amount of cooking deseribed 


for the beets was patently not sufficient to kill the botulinus spores that must 

have been present. 
Too much stress cannot be laid on the necessity of thoroughly sterilizing all 
food and containers if attempting to do home eanning. The above tragedy is 
st another example of the danger in the handling of home-canned products. 


*Bacteriologist, Los Angeles City Health Department. 
Received for publication, Feb. 9, 1944. 
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THE WATERHOUSE-FRIDERICHSEN SYNDROME 
Rerporr or A Cask TERMINATING IN RECOVERY 


Lr. Cou. Harotp W. Porrer, M.C. 
Isv Lr. Lewis H. Bronstein, M.C. 


HERE are numerous case reports of the Waterhouse-Friderichsen syndrome 
in the literature, particularly that dealing with pediatrics. Sinee the 
septicemia in the greatest majority of cases is due to the meningocoecus, it 1s 
to be expected that, in the future, more eases will be reported in the adult popu- 
lation because of the increased incidence of this infection at present. Death has 
occurred in practically all the eases that have been reported to date. The 
picture is usually that of an individual who becomes acutely ill with a very 
high temperature and no physical findings. In a few hours, a marked purpuric 
eruption is noticed and within 24 to 48 hours, death occurs. Where cultures 
are taken, the meningococeus organism is the usual one that is recovered. 
Autopsy reveals hemorrhages into the adrenals as the outstanding finding. The 
fatal termination is blamed on the acute adrenal insufficiency that occurs with 
such hemorrhages because the terminal picture is that of circulatory collapse. 

Before the days of the sulfonamides, there was little hope of saving such 
cases, even if the diagnosis were entertained because serum and antitoxin did not 
clear the body of the meningococei quickly enough to stop the overwhelming 
infeetion. The meningococei are so susceptible to the action of sulfonamides, 
however, that this possibilitv exists today. In addition, the availability of 
adrenal cortical extracts and plasma gives one the means of tiding a patient 
over the period of adrenal damage until sufficient sulfonamides are administered 
to clear the body of the organism. 

In November, 1942, a soldier was admitted to the Station Hospital com- 
plaining of headache and fever of one day’s duration. He had a sparse pur- 
purie eruption on his body, a moderately rigid neck, and positive Kernig and 
Brudzinski signs. His temperature was 104°, pulse 120, respirations 30, and 
blood pressure 118/76. A spinal tap revealed a cloudy fluid which had 61 cells, 
9S per cent of which were polymorphonuclear leucocytes. A few extracellular 
gram-negative diplococei were seen on smear. Meningococei were grown from 
this fluid and from the blood. 

He was immediately given 6 Gm. of sulfadiazine by mouth followed by 1 
Gm. every four hours. For the next twelve hours, until 10:00 p.a., he appeared 
to be doing well, with the temperature dropping. That evening, he seemed to 


be weak and it was noticed that although his temperature continued to drop his 


pulse and respirations were increasing. In addition, he was slightly cyanotic. 

The drug was continued and he seemed to hold his own during tlie night, though 

he did appear quite sick. About 6 a.m., he suddenly collapsed, with harsh 
Received for publication, Jan. 29, 1944. 
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breathing, shallow respirations, and a rapid and thready pulse. The Officer of 
the Day who had followed him throughout the night stated that the death was 
in the nature of a collapse rather than a toxie death. 

An autopsy was performed several hours later. This showed the charac- 
teristic central nervous system changes associated with meningitis. There were 
petechial hemorrhages in the serous membranes and the skin. The lungs and 
the spleen were markedly congested. The kidneys showed changes of an acute 
glomerulonephritis and bilateral hemorrhagic necrosis. Both adrenal glands had 
large areas of hemorrhage in the cortices. Postmortem culture of the spinal 
fluid resulted in the growth of meningocoeci. No organisms were grown out of 
the heart blood. 

Although many pathologic findings were seen on autopsy, it was felt that 
the marked adrenal destruction was responsible for his death. Since this was the 
first death we had had until then from meningococcic infection and, incidentally, 
the only one until now, though we have seen more than 80 cases of this disease, 
we decided to be ready for any subsequent similar case. In preparation for 
this, we kept adrenal cortex extract on hand and planned to use plasma and 
sulfonamides in conjunction with this in the next case that seemed to be a 
candidate for this complication. It was realized that all the medications would 
have to be administered very early in the course of the disease because the above 
autopsy showed the numerous pathologie changes that took place in a rela- 
tively short time. 

The following case report is that of a soldier who was admitted to the hos- 


pital four months later with a meningococcic septicemia. He was treated with 


all the agents mentioned above and recovered after a short and stormy course. 


CASE REPORT 
This soldier was admitted to the Station Hospital on March 25, 1943, in a confused 
mental state so that adequate history could not be obtained at that time. He was quite 
drowsy but could be aroused to perform simple commands, to swallow tablets and fluids. He 
was evidently acutely ill with a temperature of 103°, pulse of 106, and respirations of 20. 

He went 
to bed on March 24, the evening before admission to the hospital, feeling perfectly well. 
About midnight he had a chill which lasted for several hours. His mouth felt very dry. 
He was able to fall asleep later and then awoke, feeling very dizzy and extremely weak. A 
This rapidly became worse and he reported for sick call. He 


Three days after admission, the following history was obtained from him, 


severe headache had developed. 
had only the vaguest memory of events from that time until about 50 hours after admission. 

Physical examination on admission revealed the following pertinent findings. The en 
extremities, particularly the distal portions, were covered witli 


tire neck, upper chest, and all 
There were some lesions on the conjunctivae, which were in 


purpuric lesions of all sizes. 
jected. The throat was mildly hyperemic. There was no nuchal rigidity. The blood pres 
sure was 60/40. The spleen was not felt. The Kernig sign was present to a slight degree. 

It was felt that he had a fulminating meningocvuccus infection because sporadic cases 
had been occurring on the post during that time and because many cases were reported in 
Baltimore, which was his home. In addition, the rash was similar to that seen in previous 
eases of meningococcus infection. A blood culture was taken and a spinal tap was done. The 
fluid was clear and contained two cells, both of which were lymphocytes. The sugar cont: 
cent. No globulin was detected. Smear of the fluid did not reveal any 
The white blood! ell count was 11,050 with 2 myelo 
’? forms, and 39 segmented granulocytes. Th 
The urine was positive for albumin and }: 


nt 


was 77 mg. per 
organisms and none were grown out. 
cytes, 22 juvenile granulocytes, 50 ‘‘stab 


were 5 lymphocytes and 2 mononuclear cells. 
an abundance of granular casts. 
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He was given 4 Gm. of sulfadiazine intravenously at 1:50 P.M. and 2 Gm. orally at 
2:15, 6:00, and 10:00 p.m. Beeause he had an emesis of 500 ¢.c. of fluid shortly after the 
10 p.M. dose, he was given 2 Gm, intravenously at 3:50 A.M. of March 26. Following this, he 
received 1 Gm. sulfadiazine orally every four hours. The blood sulfadiazine level at 7 A.M. 
of March 26, was 17.5 mg. per cent. The level on the morning of March 27, was 18.8 me. 
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He took fluids well by mouth, except for the emesis mentioned above, so that the only 
fluids given intravenously were those contained in the plasma. The chart shows the amount 
of plasma which he received. This plasma is stored in 5 per cent glucose solution. The chart 
also shows the amount of adrenal cortex material given, as well as the time of administra- 
tien, in relation to the other findings. 
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Between the time of admission and 1 A.M. of March 26, he had not voided, and only 
5 ec. of urine were removed from the bladder by catheterization, At + A.M., he was given 
50 ce. of 50 per cent glucose after hot loin packs had failed to cause further voiding. At 


4:30 A.M., he passed 150 ¢.c. of urine. The chart records the intake and output for the 


preceding hours, 

Chemical analysis of the blood was done at 8 A.M. on March 26 and showed nonprotein 
nitrogen 75, creatinine 2.6, sugar 95, and chlorides 588 mg. per cent. Examination at this 
time showed minimal nuchal rigidity, no change in the Kernig sign, and no new purpuric 
spots. The laboratory reported that a gram-negative diplococcus was growing in the blood 
culture. This was later shown to be a Group i meningococcus. 

The blood chemistry determinations were repeated at 3 P.M. and showed nonprotein 
nitrogen 66.7, creatinine 2.4, sugar 157, and chlorides 570. He appeared mentally clear 
and looked to be in much better condition even though the blood pressure was low. In order 
to play safe, more plasma and adrenal cortical extract and synthetic desoxycorticosterone 

9 


were given, as shown on the chart. In addition, he was given one salt tablet (2.25 gm.) every 


four hours as tolerated. He did not take many of these tablets because he became nauseated 
and they were discontinued after 24 hours. The blood chemistry performed on March 29 re 
vealed the nonprotein nitrogen to be 58, the creatinine 1.5, the sugar 110, and the chlorides 
396 mg. per cent. 

The urinalysis showed normal findings on March 29 and remained normal throughout 
his stay in the hospital, although a trace of albumin was found on one occasion while he 


was still taking sulfadiazine. The white blood cel! count returned to normal limits. on 
March 31. 

His condition gradually improved with a slow rise in blood pressure, which reached 
118/80 on April 19, three weeks after the onset of his illness. This level was maintained 
throughout the convalescent period, The purpurie eruption mad completely disappeared by 
March 30, but a bilateral conjunctivitis was noticed on that day. This cleared in 6 days 
with local therapy. It is to be noted that he was still receiving sulfadiazine during the dé 
velopment of the conjunctivitis. He received a total of 69 Gm. of sulfadiazine during his stay 
in the hospital. 

On June 24, three months after the onset of his illness, the efficiency of his adrenal 
cortex was tested by means of the Cutler, Powers, Wilder test. Clinically there was no 
evidence of any insufficiency of this organ. The urine volume was 1295 ¢.c., the total chlorides 


was 121.4 mg. per cent. This is within the range of normal efticiency. 





DISCUSSION 
This case differs somewhat from the ease which ended fatally. The soldier 
who died had a definite meningitis, with organisms recovered from the spinal 
fluid, as well as the blood. The sulfadiazine which he had received was appar 
ently sufficient to sterilize the blood, but not the spinal fluid because postmortem 
cultures were negative for the heart blood but were positive for the fluid. His 
condition on admission, however, Was apparently better than that of the second 
patient. This latter patient had much more purpura and a low blood pressure. 
In addition, he was more toxie as evidenced by the cerebral changes. The first 
man did not appear to be sicker than the average patient with meningitis that 
we have seen at this post. The second soldier had only a septicemia with the 
organism, His spinal fluid evtology and chemistry were normal and no o! 
ganisms could be grown from it. 

It is a matter of conjecture to discuss the amount of pathology in tlie 
adrenals that could have been present in the soldier who recovered. It must 
be assumed that he had more than mere edema of the gland on admission be- 
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cause of several factors. The blood nonprotein nitrogen was elevated. Despite 
the fact that he had received 50 Gm. of glucose intravenously during the pre- 
ceding ten hours and had had practically no urinary output, the blood sugar 
level was only 93 mg. per cent. The blood pressure rose very slowly to his 
normal level. In some of the reports of meningococcus infection in the literature 
in which the patient is acutely ill with a low pressure, this value has returned 


to normal within one to two days. The slow rise in pressure cannot be at- 


tributed to his bed rest since he was in bed all the time that this rather steady 


rise was recorded. His pressure after he was up and about merely showed some 
fluctuations from his apparent normal of 118/80. The chloride determination 
does not help too much since the determination of the end point is not too defi- 
nite and the change in the various determinations that were made did not cor- 
respond with the improvement noted in all the other findings. Unfortunately, 
we were not equipped to determine the sodium content of the blood. 

Kor the first few weeks after he was allowed to be up and about, he com- 
plained of fatigability which could be attributed to his severe illness and his 
prolonged bed rest. His particular type of infection did not seem to be 1 
sponsible for this. It was felt that it would be too risky to attempt to measure 
adrenal cortical funetion too early in his convalescence. This test was therefore 
done several days before he was discharged to duty. As is noted above, his re- 
sponse was normal and we must assume that, as far as could be determined, he 
had restitution of his cortical function. 

We did not have too much adrenal cortex extraet or desoxycorticosterone at 
hand to give the massive doses that are advocated for patients with acute cortical 
insufficiency. We tried, however, to use the material at hand as judiciously as 
possible. We always kept in mind the fact that he might not have too poor an 
adrenal function and that we would throw him into a water intoxication syn- 
drome. Since plasma was readily available, we placed more reliance on that 
substance and gave him a fairly good amount of it. In addition, his fluid in- 
take by mouth seemed to be quite adequate. It was our impression, during our 
vigil, that he obtained more benefit from the plasma than from the adrenal 
cortex material. We have no more evidence, however, than mere impression. 

A study of the chart shows the very definite trend toward improvement in 
all his reactions. The temperature dropped gradually, as did also the pulse 
rate. The respirations became slower. The systole and diastolic pressures rose 
With an inerease in the pulse pressure. Although he had a very low urinary 
output during the first eighteen hours, this soon corrected itself. It is impos- 
sible to be definite about the role played by the intravenous glucose in starting 
his kidney funetion. It could as easily have been fertuitous or due to his 
general improvement. 

It is our feeling that his recovery can also be attributed to the prompt 
recognition of the possibility of this diagnosis. The dispensary medical officer 
who first saw him recognized the possibility of a meningocoecus infection and 
he was transferred to the hospital and directly to the contagious disease service 
within a very short time after he was first seen. The usual delays that oceur 
when a patient has to be transferred from ward to ward were eliminated. 
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CONCLUSION 
A case of meningococeus septicemia that had all the characteristics of a 
Waterhouse-Friderichsen syndrome is presented. This patient recovered. We 
feel his recovery was due to the use of plasma and adrenal cortex (both as ex- 
tract and as desoxycorticosterone) to tide him over the period of adrenal insult ; 


also to the use of sulfadiazine, and to the prompt recognition of the possibility 


of the diagnosis and the immediate institution of treatment, 





CLINICAL CHEMISTRY 


THERAPY OF MIGRAINE BY ELECTROLYTES AFFECTING THE 
BLOOD VOLUME 


Caru Premrer, Pu.D., M.D.,* Ropert H. Dreispacu, Pu.D., M.D., aNp 
CHARLES CC. Rosy, PH.D.+ 


YPERTONIC solutions of various crystalloids' have been advocated in the 

treatment of migraine probably on the theory that the headache was caused 
by cerebral edema. Large and continuous oral doses of calcium salts?-* have 
also been advocated on the finding that some patients are benefited by this regime. 
Recently Greenhill and Freed® has used ammonium chloride to induce diuresis 
and thus prevent the syndrome of premenstrual distress which is characterized 
hy edema, restlessness, and headache. The therapeutic regime for headache 
advocated by Goldzieher® involves the same therapeutic principle, namely, the 
mobilization of extracellular fluid. 

Previous observations’ have shown that migraine, menstrual migraine, and 
relaxation headache are associated with a relative decrease in the effective ar- 
terial blood volume. The purpose of this study was therefore to find an 
electrolyte or combination of electrolytes which would produce a temporary in- 
crease in blood volume. 

Extensive studies on diuresis and water balance in dogs and rats* indicated 
that while both calcium and potassium were diuretic if given alone, when given 
together diuresis did not occur. The diuretic qualities were completely sup- 
pressed when they were administered in the proportion of 3 mols of potassium 
to one of caleium; a ratio which is approximately the same as that found in 
the blood plasma for these two ions. It was then shown that along with the 
suppression of diuresis an increase in the blood volume took place when a com- 
bination of these ions was given and that the increase was greater than when 
an equivalent amount of sodium salts were given. This combination of 3K-1Ca 
was then tried clinically in migraine. 


EXPERIMENTAL 


The hematocrit, as determined with Van Allen tubes using heparin as the 
wniticoagulant, was used along with simultaneous serum protein determinations 
as an index of changes in the plasma volume. The serum proteins were de- 
termined gravimetrically after acetone precipitation. The effect of intravenous 
: From the Departments of Pharmacology of Wayne University and the University of 
iicago Medical Schools. 
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and oral Ca-K mixtures (Caleium lactate + KCl, CaCle KC]) on these two 


factors was compared with that of equi-molar mixtures of sodium salts (NaCl, 


Na citrate). (Table I and If.) The intravenous injection of the potassium 

mixture was carried out slowly and with care because of the pain of injeetion 

and the danger of eardiae depression. 2 
TABLE I 


COMPARISON OF THE HEMODILUTION OBTAINED BY 3K-1CA MIXTURES With THE NA Saur Er 
FECT, AFTER CONTROL SAMPLE THE MIXTURES WERE INJECTED SLOWLY. THE 
SECOND SAMPLE WAS TAKEN 20 TO 30 MINUTES LATER 
(AVE. 26 MIN. 


| | CONTROI | 26° MIN. 
PROT. HEM. PROT, HEM. 
GM. % N GM. &% oA 
Mean of 17 subjects 10 ee. LV. 
CaCl. 0.6% R34 15.0 7.09 (3.5 
KC] 15% 
Mean of 6 subjects 
NaCl 2.0% 10 ccc. LV. 7.48 173 S.04 16.7 


TABLE II 


SAMPLES WERE TAKEN At 30, 60, AND 120 MINUTES AFTER THE ORAL DOSE 


CONTROL 30) MIN, 60 MIN, 120 MIN. 
PROT. HEM. | PROT. HEM. PROT. HEM. | PROT. HEM. 
GM. & YA GM. &% Y// GM. & O// GM. &Y LY 
Mean of 
S subjects 2.0 Gm. orally 
Ca Lactate-KCl Mixture 
Mean of 8.54 48.2 8.12 17.8 7.92 733 7.85 17.1 
5 subjects 2.0 Gm. 
Na Salts Orally 7.92 $8.5 7.95 17.8 7.94 17.9 7.86 17.0 


The data indicated regularly a greater hemodiluting effect with K-Ca com 
binations than could be accounted for by the control NaCl salt effect. It was 
then decided to try this therapy on an extensive scale in migraine. Accordingly. 
a questionnaire was prepared covering the salient points in the diagnosis of the 
syndrome, the coneomitant symptoms, and important predisposing factors 
This study was started in December, 1939, and over 200 patients have now been 
treated. Adequate histories and follow-up records were chtained on 150° o1 
these 200 cases. The data are analyzed and presented for their value as 
statistical studv of the migraine svndrome itself as well as an evaluation of the 


electrolyte therapy employed. 


RESULTS 
The symptoms of diagnostic importance are summarized in’ Table IT! 
While the familial history of migraine is about equal in both sexes, it is of in 
terest that the incidence of visual symptoms is significantly greater in the mal 
than in the female. That the incidence of gastric disturbance is greater than 
the incidence of visual symptoms was also noted by Von Storch.’ He found 
also that the ratio of male to female patients is about 1 to 3. In our series it Is 


1 to 2.8 
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TABLE ITI 


OCCURRENCE OF SYMPTOMS OF DIAGNOSTIC IMPORTANCE 


FEMALE PATIENTS 110 MALE PATIENTS 40 


1, Familial history 72 65% 26 Hdo% 
A 2. Visual symptoms’ 36 33% 22 BY; 
3. Nausea and emesis S7 79% 28 70% 
$4. Hemicrania +] 37% 17 42% 


Severe photophobia included. 


Data on minor factors in the migraine syndrome were obtained by direct 
questioning. The questions with the percentage of positive answers were as 
follows: Does excitement or nervous fatigue produce headache? (66%) Does 
voing too long without food cause headache? (5389) Does relaxation (such as 
sleeping late) cause headache? (5000) Any inerease in urine flow before or 
during headache? (388%) Any chocolate intolerance? (27%) Any earbo- 
hydrate intolerance? (19%) Does lack of customary coffee cause headache? 
(19%) Do attacks occur only at menstruation? (25% of females) Other ques- 
tions regarding bulimia or irritability preceding the headache were also asked. 
Many patients volunteered answers, but they were not sufficiently concise to 
warrant tabulation and analysis. Seventeen out of eighteen of the patients 
who had become pregnant were free of headache during the second and third 
trimesters. Of these 17 patients several described a gradual return of their 
migraine in the postpartum months, while the majerity had a return of their 
symptoms within one month. Two had severe migraine headaches several days 
postpartum. One patient was temporarily relieved by the development of thy- 
rotoxicosis, one by catarrhal jaundice, and one by fever therapy. The results 


of therapy are tabulated in Table LY. 


TABLE IV 


DURATION OF MIGRAINE IN RELATION TO THERAPEUTIC RESULTS 


THERAPEUTIC: RESULTS | \ | B C D 
Female (110) 2h 21% | +46 12Q% a0) 27% 1] 10% 
\verage years’ duration 14 ; 2% 20) 19 
Male (40) te L2G Bs I2% 10) PIG } 10% 
\verage vears’ duration 20 12.5 Is 21 
Male and Female (150) 36 patients oo patients 40 patients 15 patients 

24% 9G 27% 10% 
A Complete relief of migraine headaches. 
B Occasional headaches which now respond to acetyl salicylic acid. 
C Some effect but still require ergotamine tartrate therapy. 


D Therapy not effective. 
The patients were treated by administration of the following formula: 
Caleium lactate 308 Gm. 1 Mol. equi. 
Potassium chloride 225 Gm. 3 Mol. equi. 
These ingredients were mixed thoroughly in a mortar and packed into No. 0 
capsules. When hand packed the capsule content was approximately gr. x 
0.690 mg.). All of the patients were observed for a period of at least three 
hionths, and many of them have been observed for more than two years. 
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The most effective regime of therapy was found to be a gradual increase 
in dosage from gr. x of the mixture the first day to gr. xxx daily of the mixture 
at the end of one week. At the end of one month the patients were instructed 
to take only gr. x daily and to increase the dose by gr. xx every hour at the 
first sign of an impending headache. An increased, colorless urine flow was 
frequently found to precede the scotomata as a first sign of headache. It should 
be noted that the patients had well-established migraine histories and that 
success of the therapy was independent of the number of years the patients had 
had the disorder. As is usual in any salt therapy, relapses were sometimes en- 
countered if the patient took large doses of the mixture over a period of several 
months. These were avoided by decreasing the dosage to a bare minimum at 
the end of one month. That these relapses were not due to the initial success 
which frequently accompanied any new medication was shown by the facets that : 
(1) substitution of NaCl and calcium lactate placebo capsules for the Ca-K 
mixture resulted in marked diminution in the therapeutic effect, and (2) a ces- 
sation of therapy precipitated attacks in many individuals and a return to the 
medication was again attended by at least a month’s success. 


TABLE V 


THERAPEUTIC RESULTS IN 150 CASES ACCORDING TO SYMPTOMS AND PREDISPOSING FACTORS 

| TOTAL , 

1% | Oo A+Bt 

CASES 

. Excitement 99 | : 73% 

2. Starvation 79 ; TO% 
Relaxation 75 : 26 TO% 

. Preeeding diuresis 50 { 25 OS% 

5. Choeolate intolerance 40 14 63% 

3. Carbohydrate intolerance 28 ‘ 68% 

. Caffeine withdrawal 29 14 76% 
Menstruation 27 : 12 OH3% 


=f 


*Number of patients with this symptom or finding. 

_ Percentage with A or B results (see Table IV). Seventeen out of 18 patients had 
their migraine relieved by pregnancy. One patient was migraine-free for a period of four 
months during an attack of catarrhal jaundice. One patient was relieved for a period of one 
year presumably by thyrotoxicosis since the headaches returned after the subtotal thyroidec 
tomy. 


Table V is an analysis of the data from the standpoint of predisposing fac 


tors to ascertain whether any one type of case responds more favorably than 
another. The relation of site of headache to the result of the therapy is in 
teresting in that if the excellent and good results are pooled for the first three 
categories, the number of cases of right-sided headaches improved is much 
smaller than the percentage improvement for the left-sided and frontal head 
aches (38 per cent for right compared to 73 per cent and 76 per cent for the left 
and bilateral localizations, respectively). This finding may be of significance 
as an aid in prognosis and selecting patients for treatment. 

The mixture of calcium lactate with potassium chloride greatly reduces 
the fleeting gastric pain frequently induced by the administration of ervstalline 
potassium chloride alone. Less than 5 per cent of the patients noted any gastric 
sensation from the encapsulated mixture. Only one patient had to discontinue 
the treatment because of gastric irritation. Some patients ascribed an increased 
feeling of well-being and warmth of the extremities to the medication. -\ 
shortened menstrual cycle was noted in a few. Some patients reported a mild 
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but consistent cerebral stimulation and an increased ability to stand psychic 
trauma, No toxic symptoms were noted in the entire series. Several patients re- 
ported that a dull generalized headache occurred when too many capsules (10 to 
20 per day) were taken. This is probably similar in etiology to the premenstrual 
headache encountered in some patients. It is relieved by drinking water to the 
point of diuresis or by the ingestion of caffeine. It is not relieved by acety]- 
salicylic acid. 
TABLE VI 
THE EFFECT OF THERAPY IN RELATIONSHIP TO THE INITIAL LOCALIZATION OF THE HEADACHE. 
149* CASES 
Left frontal or temporal. 
26 = 17% 


Right frontal or temporal 


32 = 21% _ 
Bifrontal or bitemporal 
66 = 44% 
( ecipital — 
{ie 10% 


Generalized 


- O% 


» case not localized, 


DISCUSSION 
The results of this form of therapy are in accord with the hypothesis set 
forth as a result of our previous studies,’ namely, that migraine is perhaps due 
to uncompensated fluctuations in the effective arterial blood volume. The hy- 
pothesis accounts for many of the vagaries of the migraine syndrome, namely, 
the onset at puberty and frequent relief at the menopause (correlating with 
the onset and waning of cyelie activity of the sex hormones with their salt and 
water retaining properties, the increased incidence in the female over the male 
due to the greater salt and water retaining power of estrogens over androgens" 
and relief of migraine by pregnancy where a normal concomitant increase in 
the blood volume obtains. Actual proof of this hypothesis must await experi- 
mental methods whereby the effective arterial blood volume can be measured and 
correlated with cardiae output and peripheral vascular tone. It must also be 
assumed that an underlying anatomical or physiological familial defect exists 
which allows vascular spasm or dilation with changes in the effective arterial 
hlood volume. 


The suggested salt mixture is certainly more effective than are calcium, 


potassium or sodium salts when given alone. It has the disadvantage of al] salt 


therapy that some patients become tolerant after several months of use. No 
attempt was made to reduce NaCl intake during the period of treatment. Also 
the patients were not restricted in their use (when necessary of acetylsalicylic 
acid, phenacetin, or ergotamine tartrate). No toxie reactions were observed in 
the use of these common drugs with the salt mixture. The salt mixture should 
be given at the first sign of a headache since it can only be given orally. The 
patients who consistently awaken with a migraine syndrome so severe that 
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vomiting prevents oral retention of the capsules are, of course, not benefited by 
therapy unless it is taken prophylactically at bedtime. 

Based on the findings of Graham!" and also Atkinson’? that nicotinic acid 
is of value in functional disorders, we have recently been treating a series ot 
patients with the caleium-potassium mixture to which 1 per cent nicotinamide 
has been added. The preliminary results seem even more promising than the 
use of the salt mixture alone. 


SUMMARY 


The results of therapy of migraine over a period of three vears with a 


mixture of calcium lactate and potassium chloride are reported. Of 150. pa- 


tients 24 per cent had excellent results, 39 per cent good results, 27 per cent fair 
results (still require ergotamine tartrate) and in 10 per cent the therapy was 
noneffective. The detailed study revealed that spontaneous diuresis may precede 
the scotoma as the initial sign of an impending attack. Relaxation or ‘‘let 
down”’ in activity may be a precipitating factor in the migraine syndrome. 
In this series a better therapeutic response was obtained in patients with left- 
sided headaches than in those with right-sided headaches. 
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CARDIOTOXIC SUBSTANCES IN THE BLOOD 
AND HEART MUSCLE IN UREMIA 
(THEIR NATURE AND ACTION)* 


W. Raas, M.D., Buruincron, VT. 


ARDIAC failure is a common event in the terminal stages of renal insuf- 

ficiency and uremia. While its manifestations are often overshadowed by 
other uremie signs, such as central nervous disturbances, vomiting, hemor- 
rhages, ete., it ean be considered as the ultimate cause of the fatal outcome 
in the majority of cases. Dyspnea and attacks of pulmonary edema are par- 
ticularly conspicuous (Gouley ; Luisada; and others) and also peripheral edema 
appears frequently in advanced stages. Pulsus alternans (Heitz; Chalier 
and Contamin), tachyeardia, and bradyeardia are often observed. 

Marked alterations of the electrocardiogram, mainly of the ‘‘anoxie’ 
type (flattening or inversion of the T waves, depression of the S-T interval) 
are frequently present in uremia (Wood and White; Beecher; Gouley ; Agnoli 
and Bussa). 

Severe degenerative myocardial lesions have been found to be a charaeter- 
istic of the uremic heart (Merklen and Rabé; Kiilbs; Liischer; Gouley ; Solo- 
mon, Roberts, and Lisa) and a diminished myocardial creatine concentration 
was observed in the failing heart muscle of uremie persons by Gross and Sand- 
bere, 

All investigators agree in the assumption of an unknown ‘‘toxin’’ as being 
the cause of myocardial damage and failure in uremia. The serum of dogs 
with experimental uremia and the serum of uremie patients contain unknown 
substances which exert a ‘‘digitalis-like’’ toxie effeet on the isolated frog heart 
(Mason, Resnik, Minot, Rainey, Pilcher, and Harrison), and cause anoxic 
changes of the eleetrocardiogram of the guinea pig, according to Agnoli and 
bussa who studied the effects of intraperitoneal or intravenous injection of 
erude serum or of serum dialysates. 

The possibility that these substances may belong to the group of phenols 
was mentioned by Mason and his associates who observed a cardio-inhibitory 
effeet of phenol and paracresol on the isolated frog heart. Retention of phenols 
in the blood as a regular feature of uremia was reported by Beecher, by Mar- 
colongo, and by Dickes. 

Another characteristi¢ anomaly of blood composition in uremia was de- 
scribed by the writer (Raab'), namely, the presence of excess amounts of sub- 
stanees with a catechol nucleus (benzene ring with two free hydroxyl groups 


in ortho-position). Such substances are pyrocatechol and a number of catechol 


_ *From the Division of Clinical Medicine, University of Vermont, College of Medicine, 
urlington, Vt. 
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compounds, including adrenalin, sympathin, adrenalone, dihydroxyphenyl- 


alanine, epinine, leucoadrenochrome, and others. The colorimetric method used 


for the quantitative determination of these substances in blood and_ tissues 
(Raab’**) ineludes also ascorbic acid by virtue of its two adjacent hydroxy] 
eroups on a lactone ring but, owing to its weak color intensity, ascorbie acid 
forms only a fraction of the colorimetric results and, in general, does not 
constitute a seriously disturbing factor. 

The term ‘‘AC’’ will henceforth be used, standing for ‘‘adsorbable ehro- 
mogens’’ (not ‘‘adreno-cortical’’ compounds, as in some previous publications 
when the colorimetric results were erroneously interpreted as being due to 
a combination of adrenalin with cortical steroids). 

By far the highest AC concentrations were encountered in the adrenal 
medulla, and extensive experimental series have shown that the AC coneen- 
tration in blood and tissues is largely dependent on adrenal secretion and 
probably also on peripheral sympathin production (Raab,’* * Cannon = and 
Lissak). It appears reasonable, therefore, to consider the adrenal medulla 
and the peripheral sympathetic ‘‘adrenergic’’ nerve endings as the source 
of the bulk of AC material, consisting of adrenalin and related substances, 
which is present in blood and tissues in physiologic as well as pathologie eon- 
ditions. 

The heart muscle, although containing rather low AC coneentrations 
under standard conditions, is characterized by an outstanding tendeney to 
accumulate both artificially administered catechol compounds and spontaneous- 
ly secreted AC substances (Raab'*). Accumulation of excess AC coneen- 
trations in the heart muscle beyond a certain critical level was found to be 
fatal in experimental animals, leading to cardiac failure and death (Raab'). 
Also in the majority of patients who had died from heart failure, the total 
AC concentration or the concentration of adrenalin (sympathin) proper in the 
myocardium was found above the upper limit of normal (Raab'). 

The striking toxic effects of excess amounts of the most powerful catechol 
compound, adrenalin, on the electrocardiogram, and on metabolism, structure, 
and function of the myocardium are well known and were recently reviewed 
by the author (Raab'). Prolonged action of adrenalin upon the heart  in- 
creases the sensitivity to inhibitory stimuli of the vagus nerve (Langecker: 
Sollmann and Barlow) and adrenalin concentrations stronger than 1:10° exert 
a directly inhibitory toxie effect upon the heart muscle (Sollmann and Bar- 
low?). Other catechol compounds, such as adrenalone, produce effeets similai 
to those of adrenalin on the heart and, although weaker than adrenalin 
(Tainter; Tani), seem to intensify the efficiency of the latter (Kato and 
Aibara). Catechol proper (pyroeatechol) acts as a eardiac depressant 
(Tainter ). 

In view of the above-mentioned facts, the behavior of AC substances in 
the blood and in the heart muscle of uremic patients was studied. It was 
correlated with the electrocardiogram and the elinieal picture, and compara 
tive experiments with uremic serum and with various catechols and phenols 
were carried out on the isolated frog heart and on the intact rabbit. 
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METHODS 


1. AC in blood and heart muscles was determined by the modified method 
of Shaw, as described by the writer (Raab'). The results are expressed in 
color units per cubie centimeter or gram, each unit corresponding to the color 
intensity of 10°° mg. of adrenalin, which was used for standard comparison. 
The ‘‘ds.r.’° (denominator of specific ratio) permits a rough evaluation of 
the qualitative composition of the bulk of AC material found. A ‘‘d.s.r.”” of 
2 or more indicates the prevailing or exclusive presence of adrenalin and/or 
sympathin; lower d.s.r.’s indicate the presence of other related catechol com- 
pounds, such as adrenalone, dihydroxyphenylalanine, leucoadrenochrome, ete. 
An oceasional d.s.r. below 1.0 can be assumed to be due to a relatively large 
amount of ascorbie acid. 


AC col.un./ec/gm 


d.s.n 1.00 1.06 


1400 
1300 
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° 
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N. Ur. N. Ur 
No.o 


am st «es 21 «9 
BLOOD HEART MUSCLE 


Average concentrations of catecho] compounds (AC adsorbable chromogens) in the 
blood and heart muscle of normal and uremic persons. 


2. The frog heart experiments were carried out with hearts of Rani 


pipiens, prepared according to the Straub method, suspended in a moist cham 


ber in an oxygen atmosphere and filled with Ringer’s solution which was re 
placed by fresh serum or various experimental solutions. 

3. Aleoholic serum extracts were prepared as follows: 50 ¢.¢. of serun 
(mixed with an equal amount of 95 per cent aleohol for disinfection) wer 
dried forty-eight hours in a flat plate at a temperature of 37 to 38° C. Th 
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dried serum was finely pulverized in a mortar and extracted two hours in 
a Soxhlet apparatus with 250 ¢.¢. of absolute alcohol. The aleohol was then 
evaporated with suction over a hot water bath and the extract cautiously 
hoiled down to a volume of 21% ¢.¢. This brownish lipid containing residue 
was kept in small vials in the dark. 

4. The rabbit electrocardiograms were taken with a Siemens Atlanco 
apparatus under nembutal anesthesia. 


CATECHOL COMPOUNDS IN THE BLOOD, AND CARDIAC MANIFESTATIONS IN 
UREMIC PATIENTS 
Twenty-eight uremic patients, each with a N.P.N. coneentration of at 
least temporarily 100 mg. per 100 ¢.¢. or more, were examined (Table I). In 
19 of these patients the blood creatinine was determined. It was 4 mg. per 100 
¢.¢. or more in 18 eases. 


ECG.s oe UREMIC PATIENTS wirx HIGH BLOOD AC. 


CASE Ne. 2+ ‘7* 6 
AGE, SEX S30 Stef 469 Tt" 20¢ 50c% 39¢" 
BL.PRESS. 220/110 146/92 188/120 130/80 165/90 190/98 230/140 
PULSERATE 63 58 t«é«dL RB 100 65 19 93 
NEN, ett 180 132 133 185 270 104 
BLOOD AC 227 257 260 265 283 302 304 
(D.S.R) - (1.00) (1.64). = + (407) - 


* HAD RECEIVED 18 GR. (TOTAL) OF DIGITALIS ON 2 PRECEDING DAYS, 


Fig. 2. 


In all but three cases (Nos. 10, 11, and 24) the blood AC values were 
abnormally high (Fig. 1), the normal average (51 cases) being 156 col. un./c.e. 
ranged between 0.85 and 1.21, thus indicating the prevailing presence of 
aid the highest level of normal being 222 ecol.un./e.e. (Raab).? The d.s.r. 
caiechol compounds not identical with either adrenalin or sympathin, a condi- 
tion analogous to the normal, 
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Signs of cardiae failure were present in the majority of all cases: dyspnea 
(partly Cheyne-Stokes respiration) (21) cases); pulmonary edema and/oi 
cough with bloody sputum (7 cases); peripheral edemas (16 cases); taehy- 
eardia and/or palpitations (10 cases); bradyveardia (3 eases). Twenty-one 
cases were hypertensive. Twenty-three cases were mentally disturbed, drowsy, 
irrational, or comatose. 

Death occurred within a few hours to a few weeks after examination 
in 19 cases; the further fate of 7 cases is unknown to the writer; two (Cases 3 
and 27) improved very considerably and have survived for several months 
so far, despite high N.P.N., creatinine, and AC values at the time of examination. 


ECG.s or UREMIC PATIENTS wirx HIGH BLOOD AC. 


LEAD I 


CASE No. 2 rs i 12 
AGE,SEX 649 Bo 52s 69 25" ST of 26¢ 
BL.PRESS. 202/104 162/90 230/126 135/85 220/140 160/90 152/1lé 
PULSE RATE 107 88 89 87 108 +80 88 
N.R.N. 150 100 270 333 133 260 275 
BLOODAC 310 362 556 420 558 562 620 


(D.S.R) (1.10) (1.00) (1.05) (1.00) - (1.01) (1.14) 
* DAILY 1% GR. OF DIGALEN 


Fig. 3. 


In 25 cases clectrocardiograms were taken (Figs. 2-4). In 12 the axis 
position was normal, in 9 there was a left, in 4 a right, axis deviation. Only 5 
were free of alterations of the ‘‘anoxie type’’ (Cases 3, 4, 10, 11, 14, and 16). 
In 20 cases there was flattening or inversion of the T waves (of T, alone seven 
times; of T; and T. four times; of Ts and T, four times; of T,, Ts, and T, 
five times). The S-T interval was depressed in 9 cases (S-T, twiee; S-Ty and 
S-T. three times; S-Ts alone three times; S-T;, S-Ts, and S-T, onee). In 
2 eases (Nos. 15 and 18) S-Ts and S-T; were slightly elevated. The P-R 


ae ak? de Le LEAS 


—_ 


interval was 0.20 or more in 4 eases (Nos. 5, 8, 20, and 22) and 0.12 in one 
ease (No. 23). Digitalis medication was being used at the time of the examin: 
tion in 4 of the cases with anoxie eleetroeardiograms (Nos. 2, 8, 9, and 17). 
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No definite relationship between the degree of AC elevation above normal 
and the degree of electrocardiographic changes could be established but it 
appears significant that the only 2 cases with clearly normal AC values (Nos. 
10, and 11) had also normal electroeardiograms, and that in 5 cases in whieh 
the eleetrocardiogram was examined repeatedly (Nos. 5, 12, and 24) the 
anomalies of the T> wave appeared or became markedly accentuated as the 


blood AC level rose. 


ECGs or UREMIC PATIENTS wirx HIGH BLOOD sw» MYOCARDIAL AC 


LEAD I 


CASE No. 22 16 28 
AGE,SEX 390" 38 9 45 9 60 9 72 o 65 9 
BL.PRESS. 238/144 160/100 190/102 172/80 184/100 «187/118 
PULSE RATE 97 83 88 8 94 Ns 
N.P.N, 267 680 100 196 142 2 
BLOOD AC 367 362 270 315 - 460 
(D.S.R.) (1.00) (1.03) (1.10) (1.14) - (1.00) 


HEARTAC 870 1109 1324 1577 2019 
(D.S.R.) (1.50) (1.10) (1.28) (1.80) (0.98) 


*® DAILY 44 GR. OF DIGITALIS 


AC IN THE HEART MUSCLE OF UREMIC PATIENTS AND OF EXPERIMENTAL RATS 


In 9 of the uremic eases in which an autopsy* was performed the heart 
muscle was examined for its AC content (Table II, Fig. 1). In 21 normal 
(nonfailing) human hearts previously examined, the average AC concentration 
per gram of myocardial tissue (area near the angle of the descending left 
coronary branch) was 698 col.un./Gm. Assuming about 1,000 col.un./Gm. as 


y *The autopsy findings were furnished by the Department of Pathology, University of 
ermont, 
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TABLE I] 


ABNORMALLY HIGH AC CONCENTRATIONS IN THE UREMIC HEART MUSCLE (TITLE NORMAL 
AVERAGE Is 698 COL.UN./GM. ) 


AC OF 
WEIGHT HEART 
OF HEART MUSCLE MICROSCOPIC) FINDINGS 
(GM. ) (COL. 
UN./GM. ) 
500 1,324 1.28 Negative* 
250 2,092 O99 Not examined 
500 1,109 1.10 Negative 
350 yore 1.80 Not examined 
1465 0.98 - 
500 1.651 Marked fragmentation and light staining 
of fibers, edema 
500 S70 1.50 Generalized fibrosis, cells poorly staining, 
striations not distinet 
700 1.242 1.34 Not examined 
24) 2.019 0.98 Not examined 


*Macroscopically the myocardium appeared pale and soft, and the right coronary artery 
was almost occluded. 


the upper limit of normal, it can be stated that in 8 out of 9 uremie eases the 
myoeardial AC concentration was markedly elevated above normal, and in the 
one remaining case (No. 22) it was above average and not far below ihe 
upper limit of normal. The d.s.r. varied, as in normal hearts, between 0.95 
and 1.80, thus indicating a prevalence of catechol compounds not identical! 
with either adrenalin or sympathin (except in the one instance with a d.s.r. 


of 1.80 in which almost pure adrenalin or sympathin seemed to be present). 


TABLE III 


DEPOSITION OF INJECTED CATECHOL COMPOUNDS IN THE HEART MUSCLE OF THE Rat 


DOSE PER INTERVAL 
GM. OF BETWEEN MODE 
SUBSTANCE a AC (COL.- 
Rae BODY INJECTION OF 
INJECTED te ae wre UN./GM. 
WEIGHT AND DEATH DEATH 
(MG. ) ( MIN.) 
Pyrocatechol Killed 1,561 
(d.s.r. 1.00) - : y Killed 3,035 
: Spontaneous 18,301 
Spontaneous 38,759 
Adrenalone : 2 2 Killed 5,054 
(d.s.r. 1.06) j we : Killed $040 
ra Killed 3,776 
Killed 6,818 
Spontaneous 11,167 
Dihydroxypheny] 15 2 Killed 4,962 
alanine (d.s.r. y (5: é Killed 14,596 
1.06) 


In order to gather some information as to which catechol compounds 


beside adrenalin (which had been studied previously in this respect, Raab 


ae ek nS be UP AN 


are absorbed by and deposited in the heart muscle, large doses of pyrocatechol, 


adrenalone, and dihydroxyphenylalanine were injected subcutaneously into 


~— 


white rats, and the myocardial AC coneentration was subsequently examined 


(Table II). The results indicate clearly that the heart muscle possesses at) 
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outstanding tendency to absorb and accumulate not only adrenalin, as demon- 
strated elsewhere, but also other related catechol compounds, their d.s.r. remain- 
ing practically unchanged. The inerease of AC in the heart musele within a 
limited time was roughly proportionate to the injected doses: 

Pyrocatechol Adrenalone Dihydroxyphenylalanine 
Dosages : 1:3 :10:3 1:3:6 


Inerease in heart AC: 1:25:18 :38 1:2:3.3 


UREMIA 


Ringer t Serum AC e 26 yrs 
AC 475 colt un./ec 
NPN 123 mg %, Creat 6mg * 
BI pr. 224/120 mm 


Ringer f Serum 


Fig. 5.—Effect of uremic serum on the isolated frog heart. Type 1: Increase of amplitude. The 
electrocardiogram is that of the patient whose serum was used in this experiment (Case 9). 


EFFECT OF UREMIC SERUM AND OF CATECHOL COMPOUNDS UPON THE 
ISOLATED FROG HEART 


The effect of fresh uremie sera upon the isolated frog heart was compared 
with that of the fresh sera of 20 nonuremie persons, 9 of them hypertensive 
and 11 nonhypertensive. All nonuremie sera caused a slight to moderate 
increase in amplitude, ranging from +7 per cent to +28 per cent in the non- 
hypertensive and from +6 per cent to +38 per cent in the hypertensive cases. 
Significant alterations of the rhythm were not encountered. The effect of uremic 
sera, on the other hand, was essentially of three types: (1) A very marked in- 
crease in amplitude, ranging from +48 per cent (Fig. 5, Case 9) to +1250 per cent 
(Fig. 6, Case 8) and even resuscitation of the nonbeating heart (Fig. 6) to 
extremely vigorous contractions. This effect was produced by the sera of the 
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uremic cases (Nos. 8, 9, and 27). It cannot be attributed to preceding digitalis 
medication since it was present also in Case 27 in which no digitalis had 
been given. (2) Marked bradyeardia and periods of cardiac standstill without 
any significant change of amplitude (Figs. 7 and 8, Cases 12 and 14). (3) A 
combination of increased amplitudes and periodic standstills (Fig. 6, Case 8). 
Replacement of the uremie serum by Ringer's solution abolished the bradveardia 
almost immediately but the amplitude-increasing effect persisted somewhat 


longer. 


s 
UREMIA 


R Serum D.M.9 27yrs. AC 620 col.un /cc, NPN 275 mgV/o ,Creat 6.0 mg% 


Serum Coontinued) 


Ringer I Serum 


Ringer f Serum 


Fig. 7.—Effect of uremic serum on the frog heart. Type 2 a: Gradually increasing 
bradycardia without significant increase of amplitude. The electrocardiogram is that of the 
patient whose serum was used (Case 12). 

Attempts were made to reproduce some of the above-named effects of the 
uremie serum upon the isolated frog heart by introducing various catechol 
compounds other than adrenalin dissolved in Ringer’s solution. Increases of 
the amplitude, although only of a very slight degree, were produced by adren- 
alone and dihydroxyphenylalanine, while pyrocatechol (catechol proper) 
diminished the amplitude and caused persistent cardiae standstill (Table IV and 
Fie 9), 
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UREMIA 


r 
ft t 
Ringer Serum A.S.9 33 yrs. AC 543 col.un./ec, NPN 150 mg%, Creal. 8mg7. Ringer 








Fig. 8.—Effect of uremic serum on the frog heart. Type 2b: Bradycardia and periods 
of cardiac standstill without significant increase of amplitude (Case 14). The effect is im- 
mediately abolished by Ringer solution. 


R | Catechol | R R | Catechol 
0.5 mg /ce 5 mg /ec 


R * Catechol 
ima ‘cc 


Fig. 9.—Effect of various catechol (pyrocatechol) concentrations on the isolated frog heart 


t ¢ R R . 
Ringer \Paracresol O.l mg R Paracresol 0.5 mg /cc R R Paracresol LOmg/ee 
cc 


Ro ~ ¢ RA 
Ringer Phenos 0.25 mg /ce R ft Phenol 0.5 mg /ce R Phenol 1.0 mg/ec 


Fig. 10.—Effect of various concentrations of phenols on the isolated frog heart. 
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TABLE IV 
EFFECT oF CATECHOLS AND PHENOLS ON THE AMPLITUDE OF THE ISOLATED FROG HEA! 


CHANGE OF AMPLITUDE THROUGH MG. OF SUBSTANCE PER C.C. OF SOLUTION 
0.02 0.1 0.25 0.4 05 1.0 20 5.0 

Adrenalone LTO, LOO, : 119% 

Dihydroxyphenyialanine 11% t19% 

Pyrocatechol j 16% 11% 


SUBSTANCE 


Phenol 4140 100% 
Paracresol 10% 176 L00% 


O1% 

Carbolie acid (phenol) and paracresol as representatives of the phenol 
compounds, whieh are also regularly inereased in the uremie serum, were like- 
wise examined regarding their effeet upon the frog heart. According to 
dosage they caused diminution of amplitude, bradyveardia, and/or periodic or 
lasting eardiae standstill (Table III, Fig. 10). 


SI 


RABBIT. - IV. INJ. OF ALCOHOLIC EXTRACTS OF BLOOD SERA 
BEFORE INJECTION: 





ssseweee wee 28 6 SHS eae 88 8 


Nat Wathen We vgn raven nents Mn, agp PARTS PPT PPE acta eg 


NORMAL SERUM (EXTRACT OF 20 cc.): 


urate ee Py a ee fl ee stl Pay tet tet Pay 1 Yeah Nyy MF Mt by 


UREMIC SERUM'(EXTRACT OF 20cc.) £30 min. later] 


SMIN. 


LATER perere gehen: apt tmeeaEs pee oat oe PRET ERMERRENE TIERRTT pop tys as fanmnene,, dhanenannta ites 


* 9 26 yrs.- BLOOD AC 475 col.un./e.,NPN 123 mg%, BL.Pr. 224/120 mm. 


PATIENT'S = (RECEIVED A DAILY DOSE OF O.1 gm 
ECG. oe , DIGITALIS ) 


Fig. 11.—Effect of normal and of uremic serum upon the rabbit's electrocardiogram. 
(intravenous injection of alcoholic serum extracts.) Death followed three minutes after the 
last electrocardiogram. 


EFFECT OF ALCOHOLIC EXTRACTS OF UREMIC SERUM AND OF CATECHOL 
COMPOUNDS UPON THE RABBIT’S ELECTROCARDIOGRAM 


In order to test the effect of the cardiotoxie constituents of uremic serum 
upon the rabbit’s eleetroeardiogram, it was necessary to eliminate all protein 





730 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


material. Catechol compounds whieh are otherwise insoluble in organic. sol- 
vents can be extracted from tissues in the presence of lecithin with chloroform 
and aleoho! (Kendall; Raab*). The quantitative recovery of the total AC from 
serum by aleoholie Soxhlet extraction had been ascertained before through 


colorimetric analysis (Raab*). 


RABBIT. - 1.V. INJ. OF ALCOHOLIC EXTRACTS OF BLOOD SERA 
BEFORE INJECTION: 





75 MIN. 


LATER  retangren: Aer cfr mee ipa gat wate PE pt a POR bide : 


1 PL 


UREMIC SERUM* CEXTRACT OF 10 cc.): 


iT t Bi | eal : i +} 
Ceeere! eee keer oa! Peeeececiagl 
MARPTEETD TOT REGUL PREG 


SMIN. 


LATER sly seiplynlinlenie 


20 MIN. 


LATER ghia) My MRennne, Ai, Atty seh ENT EEN ey 


PATIENT'S = 
ECG. 


Fig. 12.—Effect of normal and of uremic serum upon the rabbit's electrocardiogran 
(Intravenous injection of alcoholic serum extracts.) Death followed two minutes after th: 
last electrocardiogram. 


One-half to 1 ¢.c. of alcoholic extract (corresponding to 10 to 20 ee, of 
serum) was diluted with a double volume of physiologic saline solution and 
injected slowly into the ear vein. (Injection of 1 ¢e. of undiluted extrac 
from normal serum had resulted in the death of one animal.) Extracts of 
normal serum (Figs. 11 and 12), although causing moderate tachyeardia or 
bradyeardia and some flattening of the T waves, did not produce any other 


grossly recognizable effects. The electrocardiograms returned toward norma! 
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within an hour or so. Subsequent injection of equal amounts of uremie serum 
extract (obtained from Cases 9 and 27) was followed within a few minutes 
hy severe anoxic changes of the electrocardiogram (Figs. 11 and 12), flattening 
and inversion of the T wave, depression of the S-T interval, preterminal brady- 
eardia, and death within eight to twenty-two minutes. 


EFFECT of CATECHOLS ano PHENOLS, 50 min. acter S.C.INJ. 


x Per gm ity 
NORMAL ......0  saMenb/vnitenites fe etn pte em wee we °° Nur ar aA 





i} 


adh: 
ADRENALONE.200 A AAA MAAN a a Vs Liga) “asl al “eal 


DOPA ........ 250 svietam arr way Wen ry an hte es a 


ri 
Piietifg 
Waal 


ADRENALIN... 2.5 AAAAANA hava aes yi dees | 


EPININE .....GO staagtansniervassva sander they WN chante nga eer ee 


CATECHOL . . 250 rrenetinmetmnstrn netstat! ma nepniten at HON sli ne / 





' 
4 


PHENOL .... 250, ag gmate oyeO/™™ sh pean seth sta aay gel PORN ep 


PARACRESOL.250/¥ Wren wenn one pen enna 1g fF 


Fig. 13.—Effect of various catechol and phenol compounds upon the electrocardiogram of one 
rabbit on different days. 

For the purpose of comparison with the effeets of known catechol com- 
pounds, several such substances were injected subcutaneously in large doses 
into one rabbit (Fig. 13) on different days. In each instance the electrocardio- 
gram was taken fifty minutes after the injection because it was necessary to 
wait for the disappearance of intense tremors and twitchings which followed 
some of the injections (particularly of pyroeatechol). Adrenalin and adren- 
alone produced tachycardia with a depression of the S-T interval and diphasie 
or inverted T waves. Dihydroxyphenylalanine (‘‘dopa’’) and epinine (syn- 
thetie product) caused some tachyeardia and a slight to moderate flattening 
of the T waves. Pyrocatechol (catechol) also increased the heart rate, reduced 
the voltage, and caused almost complete flattening or inversion of the T waves 
(sce also Fig. 14 which was made from another animal). 

Phenol and paracresol were tested likewise (Fig. 13). Although the latter 
caiised a marked bradyeardia and a change in shape of the T waves, no 
marked flattening or inversion of the T waves occurred. 
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EFFECT OF CATECHOL INJECTION (s.c.) ( RABBIT) 


Normal NL AG "OR cre, ens SAP ET OOM, pene n 


50 min.after 250 3 /qr 8 ge este em | , vb oH MY 


60 min 
2 hrs. 


6 hrs. 





24 hrs. 


5 min. 


50 min. 


Fig. 14.—Effect of different catechol doses upon the electrocardiogram of a rabbit. 


DISCUSSION 

Exeessive accumulation of catechol compounds (AC) of probably adreno 
sympathetic origin (adrenalin and related substances) in the blood as well! 
as in the heart muscle was found to be a characteristic feature of uremia (25 
clinical cases). 

With only few exceptions the uremic patients displayed signs of cardiac 
failure and marked abnormalities of the electrocardiogram of the anoxie type 

The uremic sera examined showed specific, intensely cardiotoxie properties 
as manifested by their effects upon the isolated frog heart and upon the 
rabbit’s electrocardiogram. The latter effects were produced by protein-free 
serum extracts which contained the entire catechol material and whieh proved 
rapidly fatal. 

Correlation of the clinical, biochemical, and experimental findings sug 
gested the probable identity of the excess catechol material present in the uremic 
blood and myocardium with at least part of the cardiotoxie substances present 
in the uremic serum. 

In an attempt to substantiate this conception, model experiments were 
performed with various known catechol compounds, such as adrenalin, adren- 
alone, dihydroxyphenylalanine, epinine, and pyroecatechol, on the isolated frog 
heart and on the rabbit’s electrocardiogram. By this procedure some of the 
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characteristic cardiotoxic effects of the uremie serum could be reproduced : 
anoxie changes of the eleetrocardiogram and alterations of cardiac rhythm and 
contractility, ranging between tachyeardia and cardiae standstill and between 
inerease and decrease of cardiac amplitude. All of these partly divergent 
features are commonly observed in clinical uremia as well. 

There is no indication from the chemical findings that adrenalin proper 
forms fp major fraction of the excess catechol compounds accumulated in the 
uremie organism, but sinee Richter has shown that adrenalin is normally 
excreted by the kidneys in a modified form, it appears probable that altered 
adrenalin and other adrenalin-like substances whieh are produced by the 
adrenal medulla and probably by the entire sympathetic nervous system (see 
Raab,’ * and Cannon and Lissak) are retained in the body in conditions of ad- 
vaneed renal excretory insufficiency. 

The general toxie effects of catechol compounds upon the heart muscle are, 
of course, most strikingly exemplified by adrenalin: stimulation as well as 
inhibition (Sollmann and Barlow?), myocardial anoxia, structural damage and 


failure (Raab') ; but in view of the fact that the eatechol nucleus is believed to 


he essentially responsible for the pharmacodynamic effects of adrenalin (Dakin ; 


Tainter; Vaughan, Perkins, and Derbes) and for its high electric potential 
(Ball and Chen), it appears reasonable to aseribe adrenalin-like cardiotoxie 
effects also to other biologie catechol compounds as found in excess in the 
uremic organism, 

It must be emphasized, however, that beside catechols, intestinal phenols 
(bearing only one free hydroxyl group on a benzene ring instead of two) also 
form a part of the abnormal material which accumulates in the uremic blood. 
They too, possess certain cardiotoxic¢ properties (bradycardia, decrease of 
amplitude) and, therefore, must be considered as participating next to the 
eateehols in those chemical mechanisms which bring about cardiac damage and 
ultimately cardiae death in a large number of uremic patients. 

The fatal effect of the accumulation of adrenalin and of other related 
catechol compounds in the heart musele above a certain critical level has been 
discussed elsewhere (Raab') on the basis of experimental and ¢linicopathologic 
observations. 


SUMMARY 


Blood and heart muscle of uremic patients were found to contain excessive 
amounts of catechol compounds of probably adreno-sympathetie origin. 

These findings were roughly paralleled by the presence of anoxic eleetro- 
cardiographie changes and signs of cardiac failure. 

The sera of uremic patients displayed specific, strikingly toxie effects on 
the isolated frog heart and on the heart of the intact rabbit. 

Analogous effects were reproduced experimentally by various known 
catechol compounds and in part also by phenols. 

Both catechol and phenol compounds are believed to participate signifi- 
cantly in the ehemical mechanism leading to cardiae failure and death in 
uremia. 





THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


REFERENCES 


\gnoli, R., and Bussa, D.: Ricerche cliniche e sperimentali sulle alterazioni elettrocardiogratiche 
esistenti nell’ uremia, Cuore e circolaz, 23: 2, 1939. 

Ball, EK. G., and Chen, T. T.: Studies on Oxidation-Reduction; XX. Epinephrine and Related 
Compounds, J. Biol. Chem, 102: 691, 1933. 

Becher, E.: Studien tiber die -athogenese der echten Uramic, Zentralbl. t 
1925; Pathogenese, Symptomatologie und Therapie der Urimie, | 
18: 51, 1933. 

Brandt, F., and Katz, G.: Ueber den Nachweis von Adrenalinsekretion beim Menschen, Ztschr. 
f. klin. Med. 123: 40, 1933. . 

Cannon, W. B., and Lissak, K.: Evidence for Adrenaline in Adrenergic Neurones, Am. J. 
Physiol. 125: 765, 1939. 

Chalier, G., and Contamin, N.: Pulsus Alternans and Uremia, Progrés méd. 36: 13, 1921 
(Quoted by Gouley). 

Dakin, H. D.: On the Physiological Activity of Substances Indirectly Related to Adrenalin, 
Proe, Roy. Soc., London, s.B. 26: 493, 1905. 

Dickes, R.: Relation Between the Symptoms of Uremia and the Blood Levels of the Phenols, 
Arch, Int. Med. 69: 446, 1942. 

Dosne, Ch.: The Effect of Dosage and Duration of Administration on the Anti-uremic Effeet 
of Desoxycorticosterone, Am. J. Physiol. 134: 71, 1941. 

Gouley, B. A.: The Myocardial Degeneration Associated With Uremia in Advanced Hyper 
tensive Disease and Chronic Glomerular Nephritis, Am. J. M. Se. 200: 39, 1940. 

Gross, H., and Sandberg, M.: The Concentration of Creatine in Heart, Diaphragm, and 
Skeletal Muscle in Uremia, Ann, Int. Med. 16: 737, 1942. 

Heitz, J.: Uremia With Pulsus Alternans, Progrés méd. 36: 67, 1921 (Quoted by Gouley). 

Kato, M., and Aibara, S.: The Effect of Sympathol and Adrenalone on the Action of Adrena 
line, Jap. J. M. Se., IV. Pharmacol. 7, Proc. Japon. Pharmacol. Soc. 113, 1935. 

Kendall, E. C.: Hormones of the Adrenal Cortex, Endocrinology 30: 853, 1942. 

Kiilbs, F.: Krankheiten der Kreislaufsorgane in Mohr-Staihelin’s Lehrbuch der Inneren 
Medizin, ed. 1, (quoted by Agnoli and Bussa). 

Langecker, H.: Arch. f. exper. Path. u. Pharmakol. 106: 1, 1925. 

Luisada, A.: The Pathogenesis of Paroxysmal Pulmonary Edema, Medicine 19: 475, 1940. 

Liischer, W.: Frankfurt. Ztschr. f. Path. 26: 293, 1921 (Quoted by Gouley). 

Marcolongo, F.: Ricerche cliniche e sperimentali sui fenoli nell ’ uremia; alterazioni dei 
fenoli del sangue (volatili, non volatili ed eteroinsolubili) nell’ uremia e_ loro 
relazione con i fenomeni clinici, Riv. di pat. sper. 8: 450, 1937. 

Mason, M. F., Resnik, H., Minot, A. S., Rainey, J., Pilcher, C., and Harrison, T. 
Mechanism of Experimental Uremia, Arch. Int. Med. 60: 512, 1937. 

Merklen and Rabé: V. Congr. de Méd. Frangaise, Lille, 1899 (quoted by Agnoli and Bussa 

Raab, W.: (1) The Pathogenic Significance of Adrenalin and Related Substances in the Heart 
Muscle, Exper. Med. & Surg. 1: 188, 1948; (2) Corrected Evaluation of the Results 
Obtained With Shaw’s Colorimetric ‘‘ Adrenalin’’ Method, Endocrinology 32: 226, 
1948; (3) Adrenalin and Related Substances in Blood and Tissues, Biochem. J, 37: 
470, 1948; (4) Unpublished data. 

Richter, D.: The Inactivation of Adrenaline in Vivo in Man, J. Physiol. 98: 561, 194). 

Solomon, C., Roberts, E., and Lisa, J. R.: The Heart in Uremia, Am. J. Path. 18: 729, 1942 

Selye, H.: (1) Beneficial Action of Desoxycorticosterone Acetate in Uremia, Canad. M. A. |. 
43: 333, 1940; (2) The Effect of Testosterone on the Kidney and on the General 
Condition of Uremic Animals, Canad. M. A. J. 42: 188, 1940. 

Shaw, F. H.: The Estimation of Adrenaline, Biochem. J. 32: 19, 1938. 

Sollmann, T., and Barlow, O. W.: (1) The Effect of Epinephrine and Prolonged Accelerato: 
Stimulation on the Response of the Frog Heart to Stimulation of the Cardio-inhibitor) 
Nerve, J. Pharmacol. & Exper. Therap. 28: 159, 1926; (2) The Relation of Di 
pressant and Stimulant Actions of Epinephrine on the Frog Heart, J. Pharmacol 
& Exper. Therap. 29: 233, 1926. 

Tainter, M. L.: Comparative Actions of Sympathomimetie Compounds: Catechol Derivatives 
J. Pharmacol. & Exper. Therap. 40: 45, 1930. 

Tani, S.: The Toxicity and Cause of Death From the Use of Adrenaline and Adrenalone, 
Folia pharmacol. japon. 13: 393 (Breviaria 28-9), 1932. 

Vaughan, W. T., Perkins, R. M., and Derbes, V. J.: Epinephrine and Ephedrine Analogues 
and Their Clinical Assay, J. LAB. & CLIN. MED. 28: 255, 1942. 

Wood, J. E., Jr., and White, P. D.: The Electrocardiogram in Uremia and Severe Chroni 
Nephritis With Nitrogen Retention, Am. J. M. Se. 169: 76, 1925. 


‘inn. Med. 46: 569, 


Hrgebn. d. ges. Med. 





LABORATORY METHODS 








GENERAL 


LEUCOCYTOSIS AS AN INDEX OF PYROGENICITY IN 
ELUIDS FOR INTRAVENOUS USE 


K. GorRDON Youna, Pu.D., F.R.S.C., aNnp F. A. H. Rice, B.Sc., Hauirax, N.S. 


S EVERAL tests have been proposed within recent vears to detect the presence 
of pyrogenic substances of bacterial origin in distilled water for intra- 
venous use. Welch, Calvery, MeClosky and Price'® have suggested the measure- 
ment of rectal temperature in rabbits with a rise of 0.8° C. or more within three 
hours as indicative of the presence of pyrogen. They have expressed the potency 
of their standard preparation of Pseudomonas aeruginosa in terms of nitrogen 
and found that intravenous injections of 0.75 to 1.50 mg. invariably elicited 
a typical response. The limit was given as 0.83 ug. as calculated by us from 
their data. Lees and Levvy* have also made use of rise in rectal temperature in 
rabbits as a test for pyrogens. 

Co Tui, MeClosky, Schrift and Yates’ called attention to the leucopenia in 
dogs as a criterion of pyrogenicity and accepted a decrease of 5,000 in the white 
cell count in about forty-five minutes as indicating the presence of pyrogen. 
Chapman‘ has studied this method in rabbits and found it about as sensitive 
as that based on temperature but less stringent as to precautions necessary. 

The metabolic products of several organisms appear to be capable of in- 
dueing the svndrome of nausea, vomiting, defecation, chills and fever. Bourne 
and Seibert? associated the phenomenon in varying degree with several non- 
chromogenic bacteria from river water, Banks! with the chromogenic Pseudo- 
monas scisst and ureae and Co Tui and Schrift® with several pathogenic and 
facultative saprophytic bacteria. The nitrogen equivalent cannot therefore 
be taken strictly as an index of pyrogenicity. 

The phenomenon is apparently so widespread and of such general im- 
portance in intravenous medication that a simple test for the presence of pyro- 
genie substances is very desirable. This is substantiated by a recent collabora- 
tive study in 15 laboratories (MeClosky et al.'°). In the course of an investiga- 
tion of the alleged leucoeytie response to allantoin in man the active agent was 
demonstrated to be pyrogen (Young and Hawkins'*). The leucoeytosis appeared 
‘o be detectable in the absence of any subjective symptoms and when no Jeuco- 
penia or hyperpyrexia was demonstrable. These observations have led us to 
study the relative sensitivity of these criteria for detecting pyrogenie com- 
pounds. 


From the Department of Biochemistry, Dalhousie University Halifax, N. S. 
Received for publication, Feb. 14, 1944. 
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EXPERIMENTAL 

The plan of the investigation was to prepare a sample of pyrogenic water 
and to inject this into dogs. Their response was to be noted at successive dilu- 
tions in terms of objective symptoms, rectal temperature, and white blood cell 
and differential counts. 

A culture of Pseudomonas aeruginosa, obtained from our Department of 
Bacteriology, was grown on nutrient broth for twenty-four hours at 37° C. This 
was used to inoculate three Kolle flasks containing Difco nutrient agar. After 
incubation at 37° for forty-eight hours, the growth was washed off with 30 ¢.c. 
of redistilled water to each flask. The combined washines were agitated for 
five minutes in a Waring blender, then incubated at 37° for four days. Sodium 
chloride (Merek’s reagent for biological work) was added to make 0.90 per cent 


and the solution passed through a medium Berkefeld candle. The filtrate was 


kept sterile at 4° and used directly for injection as the stock standard. This 


solution was diluted with fresh triply distilled water which had been distilled 
from (1) a Barnstead still, (2) dilute acid potassium permanganate, (3) dilute 
barium hydroxide. The last two distillations were made in all-glass stills with 
fractionating attachments (Pyrex No. 33860 and Fisher No. 9-107). Sedium 
chloride was added to make 0.9 per cent, and such diluted solutions were im- 
mediately passed through the Berketeld filter. The stoek standard contained 
5.60 mg. of nitrogen per 100 ¢.c. determined by the micro-Kjeldah] method in a 
Pregl apparatus. 

Six dogs, varying in weight from 7 to 28 kilograms, have served as experi- 
mental subjects. They have been used in preference to rabbits because of the 
notorious instability of the latter for experimental purposes. The animals were 
fed Purina dog chow once a day. Fluctuations in rectal temperature and cell 
counts were observed frequently during at least one day prior to injection with 
pyrogen. Blood was taken from the ear for white cell and differential counts. 
For the latter, Wright’s stain was used and 300 to 500 cells were identified each 
time by cross counting with the aid of a mechanical stage. Injections were made 
into one of the veins in the hind leg. We made use of sodium amytal (Eli Lilly 
and Co.) as anesthetic initially but discontinued this practice because in some 
animals it gave rise to a leucocytosis. Observations were frequently necessary 
over a period of 16 hours to determine the duration of the leucoevtosis and conse 
quently it was not accurately determined in a few eases. 

In Table I are shown the results of injecting 20 ¢.e. of tridistilled water 
and of an old sample of singly distilled water which had been about the labora 
tory for several weeks. These may be contrasted with progressive dilutions of 
the stock pyrogenic standard. <A typical response was observed with the latte 
accompanied by a leucopenia of 4,000 cells below the mean and a leucocytosis 01 
11,00 cells above it. The amount of nitrogen injected was 280 nx. The leuco 
penia and hyperpyrexia had disappeared as had any objective symptoms at 2 
dilution of 1:1,000. The leucocytosis was still definite. It was appreciable 
at 1:5,000 but absent at 1:10,000 based on the reasonable restrictions suggested 
by Medlar"! that a significant increase should be more than 50 per cent of th 
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original total and 10 per cent of the differential picture. The neutrophilia was 
not as sensitive an index as the leucoeytosis. This would mean that a minimum 


response was obtained with 0.056 » g. nitrogen, equivalent to 0.35 » @. pyrogenic 


protem or 0.015 pe./kg. body weight. Welch, ef al." obtained a minimum 


response with 0.83 4g. nitrogen as indicated by rectal temperature. Seibert," 
however, has recorded an effect with 0.005 » ¢. pyrogenic protein. It is to be 
noted that the level of leucocytosis is approximately proportional to the amount 
of pyrogen in the more dilute preparations. 

Fig. 1 presents the observations in detail of a typical experiment done on 
Dog A as summarized in Table I. It shows a slight effeet on the lymphocytes 
and a typical response to pyrogen by the leucocytes at a dilution of 1:10 of the 


standard solution. 














Hours 
Fig. 1.—Changes in the concentration of the white cell counts after intravenous injection of 
5 c.c. of pyrogenic water, diluted 1:10. 

Table IL presents the evidence from the five dogs used in confirmation of 
the observations shown in Table I. With the original standard all dogs showed 
the typical pyrogen syndrome accompanied by a variable hyperpyrexia from 
0.5 to 6.1° F., a leucopenia followed by a leucocytosis and neutrophilia. The 
leucopenia and hyperpyrexia disappeared first with dilution; the neutrophilia 
was doubtful at 1:1,000; the leucocytosis beeame doubtful at 1:5,000 but disa; 
peared at 1:10,000. It is therefore to be concluded that in dogs the leucocytosis 
is the most sensitive index of the presence of pyrogenic compounds. This ¢01 
firms the observations made previously in man. (Young and Hawkins."*) 
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It should be pointed out that there are wide differences as to the normal 
blood picture of the dog in the literature. Downey’ gives the average white 
blood cell count at 8,000 and the percentage of neutrophils at 60 to 76. Busch 
and Van Bergen* found the average white cell count to be 9,526 and the neu- 


trophil variation 54 to 74, avg. 65.7 per cent, on 20 dogs. Mayerson’ placed the 


white blood cell count at 11,165 and the neutrophils at 74 per cent on 60 dogs. 
Our short series of six does showed a normal fluctuation in the white blood cells 
of 8,000 to 9,300 and the neutrophils of 60 to 71 per cent. 


CONCLUSION 


By the intravenous injection of small volumes of water or saline (1 to 20 
¢.c.) into dogs it is possible to detect the presence of pyrogenic substances at or 
below the level of concentration which will produce symptoms in man. This is 
determined most readily by the resulting leucoevtosis and progressively by the 
neutrophilia, leucopenia and hyperpyrexia. White blood eell counts alone, how- 
ever, will suffice to indicate the presence of pyrogens in objectionable concentra- 
tions taking an inerease of 50 per cent above the original count as significant on 


the basis of counts made 3 to 6 hours after injection. 


SUMMARY 


A study has been made on the dog of criteria indicating the presence ot 
pyrogenic substances in distilled water. Leucocytosis was the most sensitive, 
measurable in three to six hours after intravenous administration and lasting for 
many hours. Progressively less sensitive were the neutrophilia, leucopenia and 
hyperpyrexia. 

The least amount of solution producing a positive response contained 0.056 
ug. of nitrogen. 

The level of leucocytosis was approximately proportional to the amount of 
pyrogen in the more dilute preparations 
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IFFUSE iron deposits in tissues of the body are pathologie. If in suf- 
ficient amount, the presence of iron may be associated with abnormal 
changes of the organ parenchyma. Atrophy and fibrosis may occur as in the 
liver and pancreas with hemochromatosis. Chronic inflammatory change may 
be present in Kascehin-Beck’s disease of the joints. The problem of mobilizing 
abnormal stores of iron and discharging it from the body appears to have had 
very little attention. This contrasts quite markedly with the efforts put forth 
toward finding the means of eliminating other metals which are detrimental to 
the tissues in which they are stored or to the whole body. 

In this work some of the agents ordinarily used fer the removal of heavy 
metals from the body were administered, and their effect on the iron balance 
Was measured. The subject was a white man admitted to the hospital with a 
diagnosis of hemochromatosis in a late stage. 

Previously he had been getting along quite well under the care of his fam- 
ily physician. However, while arrangements for metabolic study were being 
made, his abdomen suddenly became distended and his temperature rose to 
105° F. rectally. On instituting stomach drainage he improved rapidly so that 
by the next day his abdomen was soft and the temperature was 99° F. The 
liver was quite enlarged and there was some ascites. The diabetes was well 
controlled with insulin. 

After 16 days of medical management he was put on a standard diet of 
known iron content, with daily collection of urine and stools for chemical analy- 
sis. Period separation of feces was made with carmine and charcoal. After a con- 
trol period of 4 days he was given the following compounds in order, each for a 
period of 7 days: Sodium thiosulfate, 8% Gm. daily, divided into three intra- 
venous doses; ammonium chloride, 6 Gm. daily, given orally in three doses; 
sodium bicarbonate, 9 Gm. daily, in three oral doses; sodium thiosulfate, 17.5 
Gm. daily, given intravenously in three doses. The iron intake was kept at a 
very low level. 

Table I shows the details of iron intake and excretion. 

Results—tIn the control period the excretion of iron in the feces was in- 
creased by blood which was found later by chemical tests to be present in the 
feces of the first two days. Unfortunately it was not feasible to repeat the con- 
trol period. Blood was not found in the stool in any other period. In Period I] 
there was an appreciable iron retention. The question must be considered, how- 
ever, of a retention possibly to equalize the iron loss of the preceding period, 


*From the Department of Pathology, Northwestern University Medical School, 
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TABLE ] 
| : IMG. OF IRON | ye 
| MG. OF IRON |MG. OF TRON | DAILY pep 
R | TIME INTAKE OUTPUT | eas | BALANCE 
PERIOD | TIME | ¥ | EXCRETION DAILY AS 
| | TOTAL| DAILY | TOTAL! DAILY | URINE STOOL | MG. 
I |Control | 4 days | 21.24 5.31 [48.27 12.07] 2.31 9.76 | 6.76 
| | 
It {Sodium Thiosulfate 844] 7 days | 38.0 5.40 [21.60 3.08] 0.69) 2.59 | $2.32 
Gm. daily | 
111 |Ammonium Chloride 6} 7 days | 38.0 5.40 I 31.29 $47) 1:81 2:66 LO.95 
Gm, daily | | 
; : . - ~ a mieemel aaa | : 
IV {Sodium Bicarbonate 9] 7 days | 41.4 5.91 [40.27 5.75) 2.49 3.26 LO.16 
Gm, daily | | | 
| | 
V |Sodium Thiosulfate 1744] 7 days | 41.4 5.91 | 64.40 9.23] 2.42 6.81 | -3.32 
Gm. daily | 








In Period III, with the urine made quite acid, there was a very small iron 
storage. However, the urine was made alkaline in Period [IV and again there 
was slight iron retention. It was decided to push up the thiosulfate dosage to a 
very high level in Period V. This was done safely, with no evidence of any un- 
favorable reaction. There was quite an appreciable iron loss with the greater 
proportion found in the feces. As stated before, blood was not found in the 
stool in this period. 

The urinary exeretion of iron in most of the periods was a fairly constant 
amount. It is sometimes stated to be insignificant as regards total excretion of 
iron. However, it can be seen in the table that if the figures for urinary iron 
of the Periods I] and V could be exchanged arbitrarily, the significant balances 
of those periods would be transformed to rather weak ones. 

Discussion..-The method of ridding the body of a stored metal may depend 
not only on the particular metal, but also on the structure in which it is stored. 
Thus, since lead is deposited in bone along with ealeium, it is taken out again 
hy methods whieh mobilize ealeium, Silver deposited in the skin is removed 
with great diffieulty by local treatment because of its insolubility. Bismuth is 
stored in high amounts in the liver and kidneys and appears to be exereted 
directly from those organs. Among other metals sometimes found in excess in 
the body tissues are: mereury, arsenie, zine, copper, and chromium. There is 
no known method of accelerating the excretion of any of the above metals by 
increasing the activity of the liver, kidneys, intestines, or skin. 

The direct solution of a metal stored in the body tissues by a chemical given 
by mouth or intravenously would appear to be difficult. However, this may be 
accomplished indirectly if the chemical administered reacts with the stored 
metal to form a soluble salt which is then excreted. This was formerly thought 
to be the method of action of both potassium iodide and sodium thiosulfate. 

It is possible also that salts which supply an excess of available acid or 
ilkaline radicals in the body fluids provide a medium for readier solution of 
stored metals. This seems to be true of the use of ammonium chloride to mo- 
bilize ealeium and with it other metals stored in bone. 

Iron is often stored as the diffieultly soluble hemosiderin. Yet, after a 
contusion, hemosiderin may be piled up in the tissues in considerable amounts, 
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but is dissolved and removed within a limited number of days. The iron stores 
ot Addisonian anemia can be taken up and used for building hemoglobin with 
remission of the disease. 

Whether the iron deposited in hemochromatosis can be resorbed either for 
excretion or hemoglobin formation is not yet known. Even the form in which 
the iron is stored is not fully understood. Since, however, the sites of greatest 


iron deposit are subject to profound functional and anatomie change, it would 


appear important to prevent its deposit or remove it early. 

In this work the significance of the negative iron balance of the control 
period with loss of blood from the intestine could be discussed only if a longer 
period of loss of a known amount of blood could be correlated with the new 
formation of hemoglobin from absorbed stores of iron in the tissues. It may be 
that blood loss furnishes the only feasible method of ensuring a negative balance 
of iron. Work on this part of the problem is under way. 

Summary.—-Various chemicals were given to a man with hemochromatosis, 
over periods of seven days each, with the purpose of attempting to mobilize 
stored iron. The intake of iron was kept to a known low level, and the output 
of urinary and feeal iron was determined. 

The results do not indicate any striking effect on iron balance by the chem- 
icals given, namely, sodium thiosulfate, ammonium chloride, and sodium bi- 
carbonate. 

Sodium thiosulfate in large daily dosage caused a low negative iron bal- 
ance, but this was outweighed greatly by the iron loss of the control period due 
to escape of blood in the stool. 


Acknowledgment is made here to the valuable support given this work by the Davella 
Mills Cancer Foundation Fund of the Wesley Memorial Hospital. 





A METHOD OF OBTAINING COMPRESSED AIR FOR THE 
SMALL LABORATORY® 


BEECHER L. Scurcurietp, A.B., M.T., WHeenwricut, Ky. 


OMPRESSED air is a necessity in securing a hot flame for pulling or blow- 
* ing glassware, drying pipettes or other glassware, and cleaning objects of 
dust particles. Obtaining compressed air for these purposes presents a problem 
to most workers in small laboratories. Since compression equipment is too 
expensive for such laboratories, the author has adapted a vacuum cleaner with 
a few added attachments, 





Fig. 1.—Side view of the completed compressor and a detailed drawing of the outlet. 


*From the Inland Steel Company Hospital. 
Received for publication, Jan. 19, 1944. 
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The hose of the blower part of the vacuuin cleaner is attached to a small 
outlet, thereby producing a sleady jet of compressed air. The equipment. in- 
cludes an electric vacuum cleaner with a hose attachment, a cork 114 inches in 
diameter, 3g inch glass tubing or a 10 ¢.¢. measuring pipette, and a small amount 
of adhesive tape. The vacuum sweeper must have a blower outlet and hose 
extension. 

The dirt bag of the vacuum cleaner is removed and the hose is attached to 
the blower outlet. A hole is bored in the cork, into which the glass tubing is 
fitted. The cork is placed in the exit end of the hose attachment. The exit end 
of the glass tubing may be small or large. A tube with a small opening is used 
to produce a small jet of air which may be directed into the flame of a Bunsen 
burner to produce a blow torch. A 10 ¢.¢. pipette cut and broken at the 2 ec. 
mark may be fitted into the cork instead of the glass tube. If the air is to be 
used for drying glassware or pipettes, a large opening is provided with %@ inch 
glass tubing and a length of rubber tubing. This may be introduced into flasks 
or attached to pipettes. To obtain an airtight connection, adhesive tape is 
placed around the end of the hose extension and the adjoining cork. In addi- 
tion, two pieces of adhesive tape about 1 ineh wide and 9 inches in length are 
placed at right angles to each other on these connections. To do this, a hole is 
made about midway of one tape which is then slipped onto the tubing. The 
tape is attached to the cork and to the extension tube of the sweeper, and bound 
down with the second tape. 

An apparatus support stand and a universal extension clamp will hold the 
hose outlet steady. To prevent the sweeper from picking up dust particles, it is 


placed on a large cardboard or on a clean floor. The compressor may be turned 


on and off with the sweeper switch. Fig. 1 shows a side view of the completed 


compressor and a detailed drawing of the outlet. 





A SIMPLE AUTOMATIC PIPETTE 
Kirst Lr. Harry A. KoRNBERG, SN. C.. 


HI shortage of man power in many clinical laboratories has made desirable 
the application of laborsaving devices to routine procedures. In this com- 


munication is described such a device which is being used successfully in the 


author's serology laboratory for the automatic pipetting of colloidal gold. 

Although its application has been limited to the rapid delivery of 2.5 ¢.c. 
portions, variations in the dimensions of the apparatus will result in the de- 
livery of larger or smaller amounts, extending its use to other procedures in 
serology as well as to bacteriology and chemistry. 

It will be noted that the solution being pipetted contacts no rubber, cork, or 
other material that may affect the reagent. This is of special importance when 
colloidal gold is used in the automatic pipette. 

Although other designs utilizing the same principle may be used, the one 
deseribed here was chosen because of its simplicity and the ready availability 
of material for its assemblage. The colloidal gold solution is contained in a three 
liter flask fitted with a 2-hole rubber stopper throughewhich passes the delivery 
tube, bent to the shape illustrated in (2) Fig. 1. Since the flask must be two to 
three feet above the workbench, the descending arm of the delivery tube is 
approximately twenty inches long. The end of the tube is fitted onto a stop- 
cock (3) flanged at one end, such as part of a Van Slyke earbon dioxide ap- 
paratus, which, in turn, leads into a Kahn tube (/) supported by a clamp 
attached to a ring stand. Over the side of the Kahn tube is laid the small siphon 
tube (5) prepared as in Fig. 1. Cleaner cuts of aliquots are obtained if the 
lower end of the siphon tube and the tip of the funnel are heated, dipped into 
molten paraffin, and the excess is shaken off to give a thin film of wax. 

To operate the pipette, the stopcock is opened, air is forced through the 
short length of tubing fitted into the flask’s stopper, and the stopeock is adjusted 
to a convenient rate of flow. Capillary attraction will allow the siphon tube to 
operate just before the level of the solution reaches the top of the Kahn tube. 
Since the rate of flow through the siphon tube must exceed that through the 
delivery tube, the level of the liquid in the Kahn tube will fall until it reaches 
the end of the siphon tube when the flow through it will cease. When the 
liquid again reaches its former height, the siphon will operate as before. Thus, 
uniform amounts of solution are automatically delivered into the funnel through 
which they may be direeted into the test tubes. 

In using the apparatus to pipette many aliquots, we have found it con- 
venient to shove the test tube rack along with one hand, the other moving the 
‘unnel suspended by a rubber band down into the mouths of the tubes conseeu- 
‘ively as the portions are delivered. 

Although it has been found as aceurate (0.1 ¢.¢.) as 10 ¢.¢. Mohr measuring 
pipettes, it is well to check the volumes delivered and at the same time provide 


Received for publication, Jan. 29, 1944. 
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practice in its use with tap water in the flask. The shorter arm of the siphon 
tube may have to be lengthened or shortened, depending on whether the quanti- 
ties expelled are too little or too much. 
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Fig. 1.—1, 3 L. flask; 2, 4 mm. delivery tube; 8, stopcock; 4, Kahn tube; 5, 4 mm. siphon tube; 
6, 2-inch funnel suspended on rubber band from iron ring. 








The smooth operation of the pipette depends partially upon surface ten- 
sion. Hence, the upper part of the siphon tube should be cleaned thoroughly 
by dipping it into strong cleaning solution and rinsing in tap and distilled 
waters just before using. <A useful refinement is to seal another stopeock in 
series with the one already present. Thus, one will serve to turn off and on the 
How of the solution completely without disturbing the other which is adjusted 
to the proper rate of flow. 


I wish to express appreciation to Miss Sarah G. Miller, Major John T. Cuttino, and 
Sergeant James Mori for many helpful suggestions, 





A SIMPLE APPARATUS FOR PERIODIC TESTING OF 
P. NOTATUM FLASK CULTURES 


IaANCHON Hart, F.D.A., B.S., M.A., AND BerNarp L. BLUMBERG, B.S., PHAR.D., 
New York, N. Y. 
penny the authors were interested in obtaining small quantities of 
penicillin broths for a research problem. Production of penicillin was 
carried out in Erlenmeyer and Fernbach flasks by growing P. notatum in sur- 
face culture on veast extract-carbohyvdrate-mineral salt medium. During these 
experiments potency tests were made at intervals in order to determine the most 
appropriate time for harvesting the broth. At first the quantity required for 
potency test was removed by pipette, but since this necessitated some handling 
of the flask with consequent disturbance of the culture, the apparatus 
diagrammed below was devised. This setup is easily constructed from ordinary 
laboratory equipment, and should be useful generally for investigations on 
metabolism broths which are to be tested periodically for antibacterial poteney 
and perhaps other properties. 


EXPERIMENTAL 


The siphons were assembled and attached to 750 ml. Erlenmeyer or 2,800 
ml. Fernhach flasks. One hundred or 150 ml. of medium was added to the 
Krlenmeyer, and 400 or 600 ml. to the Fernbach flasks. Cotton plugs were in- 
serted in the mouths of the flasks and the tops were covered with paper in 
the usual manner. After the siphon had been started by applying suction to 
the mouthpiece, the pinehclamp was closed, and the protective sleeve was slipped 
around the mouthpiece. The entire unit was then autoclaved at 121° C. for 
twenty minutes. The siphon remained filled after autoclaving, and liquid could 
be withdrawn from the flask at any time by releasing the pinchelamp. 

The sterile medium was seeded by pipette with an aqueous spore suspension 
of P. notatum. Cultures were incubated at 23-24° C. When a quantity of 


metabolism broth was required for potency testing, a sterile tube, outside 
diameter 9 mm., previously marked at the 4 ml. level was inserted up to the 


mouthpiece, and 4 ml. of liquid was withdrawn. This volume which represented 
about 20% more than the predetermined total volume of the siphon was regarded 
as the contents of the siphon and was set aside. An additional 2 ml. was then 
drawn off into a second sterile marked tube for potency testing. In this manner 
the broth in the siphon from the previous test was removed each time before 
the quantity for potency testing was taken. 

Using routine aseptic precautions, this procedure was repeated eight times 
over a period of sixteen days on some of the flasks. No obstruction of the 


From the Division of Bacteriology, Columbia University School of Pharmacy. 
Received for publication, Feb. 11, 1944. 


749 





750 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


siphon or contamination of the culture was noted in any instance. The morpho- 
logieal characteristics and rate of growth of the culture appeared the same in 
flasks with and without the siphon attachment. 


Fig. 1.—Apyaratus. A, glass tubing, outside diameter 4 mm., wall thickness 1 mm., total 
length 15 inches (9 inches inside flask, and 6 inches outside); B, blood pipette rubber tubing, 
lengih 8 inches; C, pinchc!amp; D, rubber tubing, outside diameter 12 mm., wall thickness 3 
mm., length 8 mm. Proteciive sleeve secured on this: EF. blood pipette mouthpiece; F, pro- 
tective sleeve: glass tubing, inside diameter 11 mm., length 35 mm.; G, No. 1 cork stopper as 
wedge to hold siphon s‘ationary. 


SUMMARY 


The removal of small quantities of metabolism broth from culture flasks 
with little disturbance of the culture can be accomplished by the technique and 
apparatus discussed herein. It seems reasonable to assume that this method 
might be applied to studies on other fungi whieh grow similarly where it is de 
sired to test not only the potency of the broth but also changes in pH. By 


assembling three or four siphons on a single flask, it should be possible to follow 


pH and potency periodically at various locations and levels in the medium 





MAINTENANCE OF MOISTURE IN BACTERIOLOGIC 
CULTURE MEDIA 


(VEORGE H, CHAPMAN, New York, N. Y. 
ANY laboratories prepare culture media and store them for future use but 
they do not seem to have appreciated the effect of partial dehydration 
caused by evaporation of moisture from the surface. For example, we have 
often received cultures on slants of Loeffler’s blood serum medium or on blood 
agar that had become excessively dry. Many microorganisms thrive best in 
the presence of abundant moisture. Also the concentration of ingredients is 
affected by dehydration. Hence it is essential to minimize losses of moisture. 
In this laboratory, Petri dishes with porcelain covers glazed on the out- 
side are poured approximately 25 ml. each and are stored in an electri¢ refrigera- 
tor. The average loss from evaporation, judged by loss of weight, is 0.10 ml. per 
day. Consequently, the date each medium is poured is noted on a slip of paper 
which is attached to the set of dishes. When a plate is needed sterile water is 
added, 0.10 ml. for each day since it was poured, and is spread lightly by a 
sterile glass spreader. The plate is allowed to stand about a half-hour and is 
then inverted to drain off any unabsorbed moisture. It is then ready for use. 
We have kept different types of blood agar and media containing critical 
concentrations of bacteriostatic agents for considerable periods of time and have 
found them entirely satisfactory while other plates from the same lot but 
not so treated gave poor results. 


From the Clinical Research Laboratory, New York. 
Received for publication, March 10, 1944. 
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A VIEWING DEVICE FOR READING KAHN REACTIONS 


LOYD SELL, B.S., Derrorr, Micu. 
A VIEWING device is herewith presented which permits the reading of 
Kahn results without the need of removing the tubes trom the Kahn rack. 
It also permits the reading of individual tubes, when necessary. 

The device is so constructed as to permit the transmission of light originat- 
ing from a daylight fluorescent lamp in such a manner that any precipitate 
present in the test tubes is illuminated and readily observed in contrast with the 
clear liquid in which the precipitate is suspended. The device contains shields 
for the purpose of excluding all extraneous light from the observer's eve. The 
standard Kahn rack is attached to a tilting lid, thus making possible fine adjust- 


ments of the position of the rack, to suit individual workers. 
DESCRIPTION OF THE VIEWING DEVICE 


The device is enclosed in a hardwood box, measuring approximately 19 
) x 6 inches, thus requiring a minimum of space. The box opens with a ld 
which carries on its underside the holder of the standard Kahn rack. The lid 
can be fixed by means of a screw at an angle best suitable to the reader. Space 
is provided at either side of the rack holder where sinele tubes can be viewed 
for more detailed study after having been lifted from the rack. A 15 watt day- 
light fluorescent lamp with its auxillaries is attached to the bottom of the box 
(Fig. 1). The underside of the lid is painted flat grey and the inside cavity of 
the box, black, to provide a dark background; a flat black baffle is used to 
sereen out all excess light. The bottom of the box is slightly eurved in order 
to permit some motion of the box and corresponding motion of the fluid in the 
tubes as it is observed for the presence of precipitates. A diagrammatic plan 
of the viewing box is presented in Fig. 2. 
PROCEDURE OF READING 


The rack with tubes containing the completed Kahn test is placed in the 
rack holder (on the underside of the lid) and the lid is fixed at such an angle 
that the tubes are almost horizontal to permit observation of a thin layer of 
solution. The observer directs his eves at the tubes at sueh an angle as to 
receive as little extraneous light as possible (lig. 3). The tipping of the box 
causes the fluid in the tubes to undergo slight motion thereby permitting better 


distinction between precipitates and seratches which may be present on the walls 


of the tubes. If desired, a single tube may be taken out of the rack and viewed 


From the Laboratories of the Detroit Edison Company. 
Received for publication, Feb. 23, 1944. 
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at either sides of the rack in a horizontal position parallel to the axis of the 
lamp. All readings on this device should be made preferably in a darkened 







room. 





— OBSERVER 


———TEST TUBE WITH SPECIMEN 
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SCHEMATIC SECTION 


Mis. 3. 







SUMMARY 





A viewing device for the Kahn test is described which makes possible the 
reading of precipitation results of an entire Kahn rack or of individual tubes 





with relative ease. 










The author wishes to thank Dr. John Kasper of the Detroit Health Department Lab 
' oratories and Dr. R. L. Kahn of the University of Michigan, Ann Arbor, for assistance in 
this work. 
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A KAHN VIEWING DEVICE WITH STANDARD ILLUMINATION 
FOR READING TUBES IN THE RACK* 


MaJgor REUBEN Cares, M.C, 


— need for standardizing reading of three-tube flocculation types of 
serology tests is especially marked when the light conditions ean, and do, 
fluctuate. Many, if not most, laboratories read results by window light. Several 
textbooks’ * * describe how window or other light sources can be adjusted so 
that some standard or uniform illumination for reading serologic test tubes will 
result. Obviously, the time of vear, or day, the presence or absence of clouds or 
sunlight will all affect not only the quantity of light but even the nature of light 
on the tubes. All other conditions being equal with regard to the technique, the 
marked range in light between a gray overcast winter sky and the brilliant blue 
summer sky can affect the accuracy of the individual worker in interpreting 
degrees of precipitation in these test tubes, particularly in borderline positive- 
negative zones. 

The reading devices now available on the market do feature constant illumi- 
nation for the tubes, but they require removal of the tubes of each test from 
the standard Kahn rack to the instruments. Where large runs of flocculation 
tests are performed, most workers choose the easier and more rapid method of 
reading the entire rack of 10 tests in either window light or in some convenient 
lamp light. Homemade devices using a uniformly illuminated light-box back- 
ground are, of course, a substitute for varving daylight source. The usual dis- 
advantage of such an arrangement is reading of the tube suspensions against a 
bright background. Generally all, or a great part of a rack, is viewed at one 
time. Evestrain may cause lower reading efficiency. Since the brightness range 


between such a light source, and the general laboratory illumination may be too 
great, the resultant strain may, of course, lower accuracy in reading finer pre- 


cipitates. Similar strains have been studied by Lowry* in connection with view- 
ing motion pictures. A brief discussion of evestrain factors in laboratory tests 
requiring fine observation will be found below. 


FEATURES OF KAHN RACK VIEWING DEVICE (SEE FIGURES ) 


The device presented (a) eliminates a variable light souree, (b) introduces 
the feature of side lighting against a dark or black background (admittedly the 
most eritical type of illumination), and (¢) allows handling of the tubes without 
removal from the racks used throughout the procedure. It can easily be con- 
structed out of simple materials and is applicable to any test of the flocculation 
‘ype requiring the standard Kahn rack. As will be noted in Fig. 1, the light 
souree employs oblique lighting with reference to the optical axis of the labora- 
tory worker. The angle of 138° from the perpendicular is that of maximum 


*From the Laboratéry, Station Hospital, Camp Cooke, California. 
Received for publication, Mar. 14, 1944. 
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acuity with reference to any three-tube test in the rack. The first or last of the 
tests in the rack can be read under the same light conditions as any intermediate 
test. It will be noted that this particular angle places the back tube, with respect 
to the light source, exactly between the other two tubes based on projection lines 


parallel to the axis of the light source. Similarly the front tube with respect to 





the viewer's line of vision occupies the midpoint between the other two tubes 
(middle and back tubes) based on projection lines parallel to the optical axis. 
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jacent tests in the rack. 


2 
\ Fig. 1.—Optical features of Kahn viewer. 
2 A—Panel of viewing tube. J—Clear blue glass filter. t 
iz B—Front panel of lamp house. K—Set screw for adjustment and centering 
me C—Back panel of lamp house. of lamp filament. S 
£ D—Viewing tube. L—Lamp housing vents. 
2A k—Adjustable lamp base. M—KEye shield for view alignment. { 
. F—Floor of trough for Kahn rack. R—Standard Kahn rack. 
i G—Lamp housing. Tf—Front serologic tube (lowest dilution). 
> H—Tube for light beam. Tm—Middle tube. 
I—Standard projection lamp—T8&%, 100 Tb—Back tube. 

b w., 115 v. C 
F 1 
; Since only one test with its three tubes is read at a time, the field of view c 
of the rack is best confined, as much as is practicable, to the three tubes o! v 

this particularly numbered test. Moreover, the tubes examined received th t 
* maximum amount of light and so allow visual disregard for the tubes of ad t 
R 


CARES: KAHN VIEWING DEVICE (isi) 


While the light source, which is fixed, will form a field of illumination of 
constant dimensions, the same does not hold for the field of view in the viewing 
tube. Obviously, with a fixed diameter aperture for the viewing tube, the nearer 
the eyes the greater is the angle of vision and the more tubes would be visible. 
The dimensions of the viewing tube, which is adapted for unaided binocular 
vision, were determined by the average eye-to-object reading distance of 10-12 
inches and an average interpupillary distance of 66 mm. Such variations as 
exist in reading distance or pupillary distance among serological technicians may 
be readily and almost unconsciously adjusted for by changing eye-to-object 
distance. 

















Isometric perspective of Kahn viewer. 


Fig. 2 is a perspective of the viewing device. This consists essentially of a 
trough through which the Kahn rack may be slid, a viewing tube, and a light 
souree in an appropriate lamp house with illumination directed through a light 
tube at a fixed oblique angle. 

It will be noted in the front view of the device (Fig. 3) that the panel A of 
of the viewing tube reaches only to the top level of the Kahn rack. This is so 
that all the tubes can be surveyed at a glance for ready reference. The side 
cit-outs of both the viewing tube panel and the front panel of the lamp house 
Will allow ready grasp of the rack at either end for shaking or other manipula- 
tion. In this way almost as much freedom in handling and reading of the ten 


three-tube tests in a rack iS afforded as would be the case in reading by the usual 
window light. 
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A few minor refinements are incorporated in this device which require 
slightly extra equipment or added construction details. The blue glass filter J 
tends to give sharper definition of fine precipitates than straight Mazda light. 
The lamp block FE with a set screw K allows ready adjustment and centering of 





























FRONT VIEW 















































TOP VIEW 


Fig. 3.—Various aspects of device. 


the point source of illumination of the concentrated projection filament bulb em- 


ployed. The lamp housing, being constructed of 144” plywood, must be of neces 


sity somewhat more spacious than a metal housing. The latter could be con 


structed at somewhat greater cost of time and labor. 
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The table for housing the device (Fig. 4) is designed to be placed on the 
laboratory bench of 42” average height. When the viewer is placed into the 
appropriate cut-out in the table top, the tubes in the rack will be at the average 
eye level used in reading flocculation tests. The height and outside dimensions 
of the table may be altered to suit the individual laboratory. The table elimi- 
nates the necessity for holding the racks and frees both hands for reeording of 
tests or for related procedures. 
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SIDE VIEW 









































BACK VIEW 





Fig. 3 Cont’d.—For legend see opposite page. 


SUGGESTED REFINEMENTS AND IMPROVEMENTS FOR VIEWER 


Basically the device consists of a directional trough for sliding the Kahn 
rack into the field of view of a peep tube. A number of refinements for inereas- 
ing the usefulness of this device are offered. These fall roughly into 3 groups— 
optical, meehanieal, and those related to constructional material. 






















CLINICAL MEDICINE 





OF LABORATORY AND 





THE JOURNAL 









a. Suggestions for Optical Improvements. 





1. A magnifying lens of 2-4 power may be incorporated in the body, end, 





or base of the viewing tube. A slot for ready removal or insertion of such a lens 






ean be made. 
2. The viewing tube, of rectangular or cylindrical form, may be in telescop- 
ing sections for ready adjustment by the individual worker. A more complicated 







binocular tube arrangement can be constructed which should, of course, readily 






adjust for various pupillary distances. 
3. The aperture at the base of the viewing tube, i.e., nearest the Kahn rack, 







could be widened by a sliding panel to include several sets of tubes for compari- 





son of tests. 
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Fig. 4.—Isometric perspective of table for Kahn viewer. 








4. The entire device could be further simplified by eliminating the lamp 





housing G and substituting a standard microscope lamp of sufficient light 
| | 







. strength. Naturally the angle of the incident light on tubes should be as near as 
5 possible to 15° from the perpendicular with reference to the long axis of the 
5 trough (and the rack). Otherwise the glare from a more oppositely placed back 
° light may cause visual discomfort to the examiner. 
2 5. A simple frosted glass bulb may be substituted for a projection bulb as a ‘ 
i light. However, to prevent the glare from this broader light source the length e 
é of the tube for the light beam would have to be increased. This is to insure that i 
£ the reader does not see the lamp in the field of view of the test tubes. Naturally t 
- the longer the light beam tube the less possible will it be to catch a glimpse of 1 
> the light source through the viewing tube due to the diverging angles (see Fig. . 
" 1). The intensity of incident hght will fall off if a long light tube is used, so ti 
y increased wattage may be needed. i 
‘ 6. A precision optical set-up with lamp mirror, designed along film pro- p 
jector lines may be used. It can be incorporated in the lamp housing, te 
¢ b. Mechanical Refinements. 
4 1. An arrangement for tilting the level floor of the trough for the rack st 





(F in Fig. 3B) for reshaking tube precipitates could be used. 
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2. The view tube and tube for the light beam may be made of tubular 
material with rectangular masks inserted at the tube ends. Since the position 
of the apertures of both the light and viewing tubes are designed to illuminate 
only those portions of the three tubes which contain the solutions, reflection 
or glare from Kahn tube glass above the level of the fluid is minimized. Sueh 
rectangular masks of various sizes can be easily constructed so as to slip on 
readily over the end of the cireular or rectangular eye tube. 

3. The light shield W, as shown in Fig. 1, can be made adjustable to ex- 
clude direct rays of the light source from the field of view. It will be noted 
that the line of vision of the left eye of the observer will permit some direct 
light glare into this eye. The light shield when in place will not interfere 
with binocular vision. 

¢. Materials of Construction. 

1. Since the mechanieal strength of the viewer requires only sufficient 
sturdiness to sustain the weight and manipulation of one loaded Kahn rack, 
alternative materials may be used. All inside dimensions being maintained, 
some reduction in the bulkiness of the viewer plus its sustaining table ean be 
effected by utilizing sheet metal. Substitutes for plywood may be used. 

2. It is even feasible in some laboratories to build-in the apparatus into 
the wall above the serology workbench so that only a trough and the eye-tube 
project from the wall above the workbench. An artificial window effeet is 
thus obtained. 

3. For those workers who prefer the area surrounding the reading device 
to be fairly dark, a broad panel, either fixed or removable, can be attached to 
the back of the lamp housing so no extraneous back lighting would interfere 
with reading. This would apply, of course, particularly when the apparatus 


must be placed near or in front of a window necessary for laboratory light or 
ventilation, 


THE PROBLEM OF EYESTRAIN IN READING OF TESTS 


It may be appropriate to comment on the variation in visual acuity among 
laboratory workers from too rapid or too marked a contrast in laboratory 
illumination, As with other instruments like the microscope, which require 
concentration on focusing, eyestrain can result from close observation of tiny 
particles in flocculation tests. Eyestrain has two frequent causes—lack of 
exercise of lenticular accommodation, and too marked a contrast between gen- 
eral laboratory illumination and illumination within an instrument such as the 
microseope.® Similar conditions obtain when reading fine, colorless preeipi- 
taies of flocculation tests. If retinal adaptation between low laboratory room 
lighting and too bright instrument illumination becomes too extreme in range, 
visual fatigue and subsequent impairment of accuracy in reading flocculation 
tests may follow. Where one individual may have to read, as is not unusual, 
up to several hundred sets of Kahn tests, the errors arising from flagging visual 
accommodation may be an important justification for a second reading of the 
tes! by the same individual ten minutes later or by a checking associate. 

Since this device is designed to minimize glare and to provide eritical 
stondard illumination by side-lighting, eyestrain as a procedural error is largely 
couibated, 
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SUMMARY 










A device is described which can be simply constructed. It has two main 


advantages: 





a. A constant light-source for reading tube flocculation tests. 
b. The convenience of using the Kahn rack without removing the indi- 








vidual tubes. 
The factor of eyestrain in reading of serologic flocculation tests is dis- 
eussed. The Kahn viewing device presented attempts to minimize this source 






of error. 
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THE MACROSCOPIC DETERMINATION OF BLOOD GROUPS A AND B 


Capt. LAWRENCE L. Swan, M.C., A.U.S. 


HE present emergency has necessitated the blood grouping of large numbers 
of individuals, both civilian and military. It is of paramount importance 
that the methods used be as rapid as compatible with a high degree of accuracy. 


In Britain blood group determinations have been performed on a large seale also, 
and a blood transfusion research committee appointed by the Medical Research 
Council has published recommended methods now to be followed by all trans- 
fusion services of Britain.’ 

The method herein described was evolved after many trials and has been 
found to be highly satisfactory because of its simplicity, rapidity, and accuracy. 
An effort to determine the accuracy of the typing, resulted in the calculation of 
the incidence of a large number of blood groups determined by this method. 


PREPARATION OF TYPING SERUM 

It is well known that the agglutinin titer in individual serum varies 
markedly, and Thalhimer and Myron? found a range from 1:7 to 1:448. Pooling 
of serum is obviously the most economical of time and equipment to obtain a 
tvping serum of average iso-agglutinin level. 

Each type of serum is obtained from 6 or more healthy, young adult males. 
slood from each individual is kept separate in 50 ¢.c. centrifuge tubes and 
allowed to coagulate in a refrigerator overnight. The tubes are then reamed 
and centrifuged, and each tube is retyped before the serum is removed and 
pooled. 

A 5 per cent phenol preservative in physiologic saline is added to the serum 
in the proportion of 1:9. This results in an immediate precipitation of protein 
which redissolves, to a large extent, upon the complete addition of the phenol. 
The protein precipitation may be partially eliminated by agitation of the serum 
as the phenol is added. 

The pooled serum is divided into 38 ¢.¢. amounts in Wassermann tubes, 
tightly stoppered and stored in a refrigerator. One drop of methylene blue is 
added to each tube of Type A serum for the purpose of differential coloring. 
Immediately before use, an equal amount of physiologic saline is added to the 
serum, Specimens of serum stored in excess of 6 months have not decreased in 
titer or agglutination time. 


TITRATION OF TYPING SERUM 
It has been found that the results of various techniques of titration vary 


considerably. The method used here involves pooled sensitive cells as well as 
peoled serum. The final measure of a successful typing serum is not the titer 
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of agglutinins alone, but the rapidity with which macroscopic clumping occurs, 
for there is little correlation between titer and ageglutinating time. At the time 
blood is drawn approximately a 2.5 per cent suspension of cells in physiologic 
saline is made from each donor in separate tubes. The content of these tubes is 
pooled prior to the titration. The cells not incorporated in the clot may also be 
used after the serum has been removed. 

The details of the titration technique are similar to those deseribed by 
Wiener.* The final tube is the dilution in which clumps of 3 to 4 cells may 
be detected microscopically. The titer of Type A averages 1:32 and of Type 


B, 1:128 by this method, and definite clumping occurs within 15 seconds. 
METHOD OF BLOOD GROUPING 


Our experience, and that of others,t would indicate that the macroscopic 
method of blood typing adapts itself satisfactorily to conditions necessitating 
speed, accuracy and economy of equipment. 

A piece of plate glass divided into forty 84 inch squares is placed on a 
white background. Two or three drops of diluted serum are placed on the plate 
in the rows labeled A and B respectively. To this is added a small amount of 
whole blood from the finger which is pricked by an assistant at the left of the 
individual adding blood to the serum to make the mixture a light pink, thus aid- 
ing in the elimination of pseudo-agglutination. The blood types are read and 
recorded at the end of three minutes and cheeked after the elapse of seven 
minutes. 


INCIDENCE OF BLOOD GROUPS 


A statistical analysis of the blood groups determined by the described 
method was found to be within the range accepted by most authorities. A total 
of 65,350 blood groups were studied. Of this number 61,561 were a heterogenous 
group of Caucasian males, and 3,789 were Negro males. 

The incidence and distribution of blood groups is shown in the accompany- 
ing table. The increase in the percentage of Type B at the expense of Type A 
among those of the Negro race is noteworthy and has been discussed previously 
by anthropologists. 


DISTRIBUTION AND INCIDENCE oF BLOOD GROUPS A AND B 


neo i kd <a z “iy 7 ie : 4 ik i i TOTAL 


| 
| 
| 


a — ee | — — © dint - = = - a ——— —E 
1,048 27.65 | 780 | 20.58 | 10% Ze 3,789 | 99.97 
1: y no» | = ~ o~” | fe aE | ; ‘ 15a | 
White | 28,683 | 46.59 | 25,042 | 40.67 5,988 9.75 848 | 3. | 61,561 | 99.98 
. | ‘ = 7 —s) . « sa . ‘ee . —e = oO iar ara | a 
Combined) 30,541 46.73 | 26,000 39.92 6,768 | woe 9: 2.93 65,350 99,98 


Negro | 1,858 | 49.03 





SUMMARY 

1. The preparation of pooled typing serum for the determination of blood 
groups A and B is described. 

2. Phenol in physiologic saline is used as a preservative. 

3. The technique of titration involves the use of a pooled suspension of red 
cells. Type A averages 1:32 and Type B averages 1:128. 
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4. There is little correlation between agglutinating time and agglutinin 
titer. 
5. The blood groups are determined macroscopically on a plate glass 


divided into forty 34 inch squares. 
6. A total of 65,350 blood groups determined by this method were studied, 
and the incidence of Caucasian, Negro and the combined types was within 


acceptable percentages. 
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STABILIZING SERUM FOR BLOOD TYPING 


Tirus B. Ray, B.S., Aanp TRuMAN NELSon, A.B., JAcKSON, MICH. 
OSPITAL laboratories, clinics, and private doctors who do a large amount 
of blood typing, usually have difficulty in preserving blood serum which 
has been collected and pooled from various sources. The following technique has 
proved very reliable and satisfactory over a period of the past five years in 

















which it has been employed. 

The only special material required for the following procedure is cellophane 
ft tubes which may be secured through almost any laboratory supply company 
for a few cents. There are two types of moisture-prooft cellophane tubes 
which may be used for dehydrating the serum. One, a 29 x 200 mm. tube which 
is closed at one end; the other, a plain cellophane tubing which may be converted 
into a U-shaped tube and suspended by clamping both ends to a support. This 
method of suspension allows free circulation of air during the process of dehydra- 
: tion. Preference is given to dehydration by fanned air for it has been found 
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more satisfactory. 










PROCEDURE FOR DEHYDRATING SERUM 





7 1. Collect type two (2) and type three (3) serum over a period of three 
weeks or more and pool in containers according to the corresponding type. 

2. Pour type two (2) serum into one cellophane tube and type three (3 
serum into a similar cellophane tube. 

3. These tubes are suspended on a support directly in front of an electric 
fan, approximately two feet away. Leave the tubes in this position until the 
serum has become completely dehydrated by air from the fan. The dry serum 

may remain in the cellophane tubes, stored in an ice box until ready for use. 













PREPARING SERUM FOR USE 


‘or. 


1. Loosen the dehydrated serum from the cellophane tubes by rotating in 














\~ the palm of hand. Weigh out three (3) grams each of type two (2) and type 

5 three (3) dehydrated serum and pour into Pyrex flasks bearing respective 

¢ labels. : 

= 2. Add 35 ¢.c. of physiologic saline to each flask and rotate five minutes 

e until thoroughly mixed. | 

- 3. Place both flasks in H,O bath at 56° C., rotating occasionally until the 

= serum is completely dissolved. Keep in icebox when not in use. When doing , 

£ blood typings with dehydrated typing sera, use the same as when employing 

r routine typing sera. ! 

, ADVANTAGES 

2 1. Serum prepared this way keeps indefinitely. It has been used up to t 

r eight months with accurate results. ( 

i 2. No preservative is required. Foreign matter does not accumulate as wit 0 
regular blood typing serum which is pooled from various sources. I 

3. It is accurate, time saving, very inexpensive, and an advantage to all a 







Cy laboratories, large or small. 
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DETERMINATION OF PHENOL COEFFICIENTS IN PRESENCE OF 
SURFACE TENSION DEPRESSANTS 


Water ©. Tosprr, Pu.D., AND Martua L. Orr, B.S., Stamrorp, Conn. 


— the Food and Drug Administration (F. D. A.) method! for determin- 
ing phenol coefficients, it was found that Aerosol OT (di-2-ethylhexy] 
sodium sulfosuecinate) had a distinct action in potentiating the germicidal 
(or bacteriostatic) action of phenol, cresol, and phenylmereurie nitrate against 
Staphylococcus aureus at 37° C. Details will be published later. Early in the 
work, it was noticed that although the potentiation was very evident, the results 
of the inoculation from the medication mixture were very erratic, particularly 
at the time when killing began to be fairly complete. The results checked poorly 
in repeat determinations, higher dilutions of the potentiated germicides occa- 
sionally appearing to kill the bacteria when lower dilutions did not. Since it was 
noticed that the drops of mixture taken for inoculation were greatly reduced 
in size if Aerosol OT was present, the effect of the reduction in volume of inocu- 
lum was studied. 

The standard loop used for inoculating in the F. D. A. method for phenol 


coefficients consists of a No. 23 Brown and Sharpe gauge platinum wire, with 


a loop 4 mm. in inside diameter, bent at a slight angle to the straight part of 
the wire, which is set in a handle or holder. In making inoculations, the tube 
of medication mixture (containing 5.0 ¢.c. of diluted germicide and 0.5 ¢.c. of a 
24-hour culture) is held at an angle so that the loop can be lifted perpendicu- 
larly from the surface of the liquid at given intervals of time, before being 
transferred to the culture tube. 

Under normal conditions, it is possible to obtain drops of fairly uniform 
size and volume. This is not the ease in the presence of appreciable amounts of 
Aerosol OT, since the reduced surface tension causes the formation of drops 
which are not uniform in size, but which on the average are much thinner and 
flatter than usual, amounting to possibly 10 to 20 per cent of the volume of nor- 
mal sized drops. Aerosol OT also usually produces a foam over part of the 
surface of the medication mixture, and if a drop of inoculum is lifted through 
this foam, its volume is reduced to a thin film like a soap bubble. When such 
films break (as is often the case), the remaining liquid amounts to only a few 
minute droplets along the wire of the loop. 

Thus with reduced surface tension, it is apparent that the number of bae- 
ria taken for inoculation is reduced in proportion to the diminished size of the 
op. When large numbers of viable bacteria are present, the difference in size 
‘drops is of little importance. The main error occurs after the numbers of 
teria have been greatly reduced by the action of the germicide. If, for ex- 
ple, only 5 viable cells remain in the average normal-sized drop, the inocula- 
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tion will give a distinct growth. But if the size of the drop is reduced to 10 per 
cent of normal volume, then statistically the average drop of reduced size will 
contain only half a viable bacterial cell, so that some of the drops will contain 
no living bacteria at all, and will give no growth. Since the drops are not 
uniformly reduced in size by the Aerosol OT, the irregular results are readily 
explained. 

Although the action of surface tension depressants in diminishing the vol- 
ume of inoculum is of considerable importance, it seems to have attracted little 
or no attention. Thus Gershenfeld and collaborators?’ who have done most 
of the studies on potentiation of germicides by surface tension depressants, used 
the standard F. D. A. methods in most of their work, but do not mention any 
reduction in drop size. 

To determine the size of the standard drop, 10 drops of distilled water were 
carefully taken on a standard loop, and struck off into a homeopathic vial. 
The increase in weight of the vial was then determined. The total weight of the 
first 10 loopfuls was 0.1914 Gm., that of the second 10 loopfuls was 0.2036 Gm. 
Thus the weight of the average drop is 0.0197 Gm. or very close to 0.02 Gm. 
(0.02 e@.e.). 

To obtain 0.02 ¢.c. of medication mixture for inoculation in the presence of 
Aerosol OT, sterile 0.2 ¢.¢. Kahn pipeiies, graduated to 0.001 ¢.¢., were used in- 
stead of the loop in all inoculations. With such pipettes, 0.02 ¢.¢. of medication 
mixture was easily taken, whether or not Aerosol OT was present. 

Using the pipette teehnique, Aerosol OT did not appear to potentiate the 
germicides to quite as great a degree as when the loop was used, but different 
runs gave better checks, so that the results were much more consistent. Thus 
it was possible to measure the true potentiation, rather than the potentiating 
action plus the effect of a considerable but variable reduction in the volume of 
the inoculum. 


SUMMARY 


In the presence of substances such as Aerosol OT, which materially reduce 


surface tension, the size of the drop taken for inoculation on the loop in the 
standard F. D. A. phenol coefficient method is greatly, but not uniformly, re- 
duced. Consistent results are hard to obtain, and apparent potentiation is 
greater than is actually the case. These difficulties may be overcome by taking 
0.02 ¢.c. of the medication mixture in a sterile pipette for inoculations. 
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CHEMICAL 


A METHOD FOR THE RECOVERY OF PENICILLIN FROM THE URINE 


LAWRENCE H, SopuiAn, M.D., SENIOR SURGEON (R) USPHS 
U.S. Marine Hospitat, STATEN ISLAND, N. Y. 


[* THE course of introducing penicillin into clinical use in this hospital, it 
became apparent that the supply would be limited for a considerable time. 
Since it is known from previous reports (1) that over 50 per cent of a dose 
of penicillin administered intravenously appears in the urine during the first 
hour thereafter, we decided to attempt extraction and reclamation of exereted 
penicillin and to test its efficacy as a therapeutic agent. The principles of ex- 
traction are identical with those followed in the manufacture of penicillin. The 
problem is somewhat easier than that of extraction from cultures of penicillium 
because the urine contains none of the toxie and pyrogenic¢ fractions whieh are 
a source of considerable difficulty. Urinary content of penicillin varies with the 
size of the dose. When 10,000 units are being administered at intervals of three 
hours by the intramuscular route, the urine contains from 25 to 40 units per 
cubie centimeter. With larger dosage, we have found some samples of urine 
containing 125 units per cubie centimeter. Such concentrations enable one to 
make a satisfactory extraction of the major portion of penicillin by a single 
acidification and elution with an organie solvent immiscible with water. For the 
sake of simplicity, we have confined ourselves to such a procedure, although a 
small inerease in vield results from multiple extractions. 

A large container is kept in the icebox for collection of urine from patients 
under treatment with penicillin. The collections may be made over a period 
of forty-eight hours without loss of penicillin. 

The urine is acidified with concentrated hydrochloric acid and brought to a 


pH of 2 as determined by the color change produced with methyl violet indicator. 


Approximately six to seven cubic centimeters of acid are needed for cach liter 
of urine, 

Amy] acetate is added to the urine in a proportion of one part to three of 
urine. A reservoir bottle with an outlet at the bottom serves as a convenient con- 
tainer for mixing. The mixing of the urine and acetate is accomplished by 
inversion of the bottle twelve or fifteen times. Too much agitation should be 
avoided to prevent foaming, 

The bottle is placed in the icebox for four hours to allow separation of the 

ne and acetate. The urine is then drawn off through the lower outlet, leaving 

penicillin dissolved in the amyl acetate. Any foamy middle layer is passed 
ugh several thicknesses of gauze and from it as much amy! acetate recovered 
ossible. 
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The amy] acetate extract is now transferred to a separatory funnel of one 
liter eapacity. Approximately 20 ¢.c. of phosphate buffer solution are added 
to it for each liter of amyl acetate. The buffer is prepared by mixing approxi- 
mately one part of sodium acid phosphate to two parts of disodium phosphate 
by weight, adjusting to pH 7. After mixing the buffer solution with the 
amyl acetate, some color (representing the pigment which oceurs along with 
penicillin) will be seen to transfer to the buffer solution. The pH of the buffer 
solution is now adjusted to pH 6.5 by gradual additions of 5 per cent sodium 
carbonate solution or of two normal sodium hydroxide solutions. By using the 
latter, less dilution will occur so that a more concentrated final product will re- 
sult, but more care must be exercised in order not to pass into the alkaline range. 
The pH is determined by testing of single drops of the solution with brom 
thymol blue indicator, agitating thoroughly after each addition. When pH 
6.5 is reached, practically all the color will have passed from the amyl acetate 
solution into the buffered aqueous solution. The transfer of penicillin is al 
most quantitative. The separatory funnel is placed in the icebox for six hours 
to complete the separation and the amyl acetate is then drawn off. The amy! 
acetate may be saved and used again. 

Additional fractions of amyl acetate extract may be added to the aqueous 
solution of penicillin in the funnel so that greater concentration may be effected 
into the same small volume; each time the minimal volume of alkaline solution 
is added to return the reaction to pH 6.5. With increasing concentration of 
the extract, the color of the solution approaches that of coffee. 

Testing for activity of penicillin is done by the dilution method against 
staphylococcus H, as described by Hamre, Rake, et al.2 A satisfactory product 
is then Seitz filtered into sterile vials. Useful concentrations of three thousand 
units of penicillin or more per cubic centimeter may be obtained. The yield 
with this method has been approximately thirty per cent of the amount admin- 
istered to the patients. For every one million units given the patient, three 
hundred thousand units can be recovered in a form suitable for re-use. 

A test for toxicity is made by injecting one hundred thousand units intra 
venously into one or more rabbits. Thus far, no toxicity has been encountered. 
Since the titration of the extract for activity and the testing for toxicity repre 
sent the most involved steps in the process, it is suggested that a number ot 
extractions be pooled and concentrated as much as possible and that a sample 
from the total be titrated and tested. Two hundred cubic centimeters or more 
of the concentrated deeply colored extract are usually collected by us before 
testing. 

The aqueous solution of the filtered extract is kept in an icebox in vials 
until used. The extract has been used in doses equivalent in amount to the 
commercial product in patients with gonorrheal urethritis in this hospital with 
equal effectiveness and without reaction. Storage for sixty days at -10° C 
demonstrated complete maintenance of anti-biotie activity. 

Extraction of penicillin from urine and its re-use in patients was reporte: 
by Abraham, E. P., Chain, E., et al.,° and they noted that pyrogens containe: 
in the original penicillin preparation were removed by passage through th 
body. Their paper contains no description of the technique of recovery. 











SOPHIAN: RECOVERY OF PENICILLIN FROM URINE 


SUMMARY 


In order to extend the available supply of penicillin, adaptations have 
heen made of the methods employed in penicillin production and a simplified 
technique is described by which penicillin can be reclaimed from the urine of 
patients receiving it. Extraction and titration by this method ean be per- 
formed with apparatus and materials available in an ordinary hospital lab- 
oratory. An average yield of 30 per cent of the administered amount has been 
obtained, and the antibiotic and pharmacologic effects have been identical with 


those of commercial penicillin. 
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THE DETERMINATION OF TOCOPHEROL IN BLOOD SERUM 
ANN S. Minot, PH.D... NasuvitLe, TENN. 


on determinations of the tocopherol content of human blood serum are 
needed in studies of vitamin E in human nutrition and in attempts to 
demonstrate whether or not lack of vitamin E may play a role in certain 
pathologie conditions. The only figures yet available were contributed b) 
Wechsler, Mayer and Sabotka,'’:* who reported comparative studies of the con- 
centrations of tocopherol in the blood sera of normal persons and of patients 
with amyotrophic lateral sclerosis and with various myopathies. In a recent 
attempt to make direct application of the procedure described by Mayer and 
Sabotka,*® we encountered so many difficulties that it seems worth while to reeord 
here the modifications we have found necessary in order to obtain satisfactorily 
quantitative results. 

The method best suited for the determination of small amounts of tocopherol! 
appears to be the photoelectric measurement of the color produced when toco- 
pherol reacts with ferric iron in the presence of a@-a-dipyridyl in an organic 
solvent. This sensitive color reaction was originally deseribed by Emmerie and 
Engle* and the same colorimetric principle was used by Mayer and Sabotka® in 
their study of blood serum and by Devlin and Mattill> and Hines and Mattill® 
for measuring the amount of tocopherol in tissues. The reaction has the ad- 
vantage of great sensitivity and, at the same time, the disadvantage of lack of 
specificity for tocopherol. The variety of modifications introduced since the 
method was originally described represents attempts (a) to work out optimum 
conditions so that full advantage may be taken of the delicate color reaction, 
and (b) to isolate quantitatively the tocopherol present in biologie material from 
other substances which would contribute to or interfere with the amount of 
color produced in the final colorimetric measurement. 


COLORIMETRIC DETERMINATION OF PURE ALPHA TOCOPHEROL 


The color reaction, as originally employed by Emmerie and Engle’ and 
later used by Mayer and Sabotka,*® was carried out in a mixture of aleohol and 
benzene. Although quantitative results were obtained under these conditions 
when certain precautions were observed, the use of aleohol as a solvent has dis 
tinet disadvantages. When ferric chloride and a-d-dipyridyl are brought 
together in absolute alcohol, a deep coloration gradually develops, especially 
on exposure to light. Thus, the two solutions have to be kept separate until 
used, but even with this precaution there is some development of color wher 
benzene and alcoholic solutions of ferrie chloride and dipyridyl are brough' 
together in a blank determination. The substitution of glacial acetic acid fo 
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absolute alcohol by Devlin and Mattill’ acting on a suggestion by Merck and 
Company overcomes this difficulty. A stable reagent can be made by dissolving 
ferrie chloride and a-a-dipyridyl in glacial acetic acid. The solution has only 
the yellow color imparted by the ferric chloride and there is no change in color 
on long standing or exposure to light. Devlin and Mattill’ carried out the 
colorimetri¢ step by the addition of this reagent to solutions of tocopherol in 
Skellysolve EK. The reagent is also readily miscible with benzene and no color 
is produced in blank determinations. Since benzene was more readily available 
to us it was adopted in preference to Skellysolve E as a solvent for tocopherol 
in all our analyses. When the reagent is added to a solution of alpha tocopherol 
in benezene a pinkish orange color develops which reaches maximum intensity 
in about ten minutes. A Ceneo-Sheard Spectrophotelometer was used and read- 
ings were made at a wave length of 520 mp after allowing ten minutes for 
color development. 


—_ 


Mnder these conditions the Beer-Lambert law obtained over a range of from 
20 to 250 gamma of pure alpha tocopherol in a final reaction volume of 15 
ce, (representing 5 ¢.c, of a benzene solution of the tocopherol and 19 ¢.e¢. of the 
glacial acetic acid reagent). By plotting the logarithmie values of the trans- 
mission against concentration of tocopherol, a straight line of reference was 
readily obtained or, alternatively, an appropriate funetion of the extinction 
coefficient for the ferrous iron-dipyridy] complex could be derived for the ealeu- 
lation of tocopherol in unknown solutions. Occasional rechecking of these 
values with fresh solutions of alpha tocopherol at intervals of a few weeks has 
given practically identical figures. This constancy of results has served as 
reassuring evidence of the reliability of the photometrie analysis in the absence 
of interfering substances. 


THE QUANTITATIVE ISOLATION OF TOCOPHEROL FROM BLOOD SERUM 


Preliminary to the colorimetric determination the tocopherol must be 
extracted from blood serum without loss and separated quantitatively from other 
substances whieh would interfere with the final color reaction. 

Emmerie and Engle, and later, Mayer and Sabotka, used ether for the ex- 
traction of tocopherol from blood serum previously treated with formaldehyde, 
ethyl aleohol, and dilute alkali. Devlin and Mattill used a mixture of Skellysolve 
and aleohol for tissues treated in a Waring Blendor. In this way they avoided 
saponification with alkali, which involves the possibility of loss in view of 
the recognized instability of tocopherol in alkaline solutions. Actually, however, 
in working with blood serum, we could demonstrate no loss of tocopherol in the 
brief exposure to dilute alkali involved in the extraction process of Emmerie 
und Engle and have continued to use this method. 

Regardless of which method of extraction is employed, carotenoids and 
cholesterol are simultaneously extracted and must be removed before the 
tocopherol ean be accurately determined colorimetrically. Selective adsorption 
oi vitamin A and other earotenoids on Floridin X S earth has, in the hands 
of some investigators, proved a successful means of avoiding the interference 
from these constituents. Others have found this procedure unsatisfactory, due 
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possibly to slight differences in the adsorptive properties of different prepara- 
tions of Floridin earth and to the fact that the fundamental principles govern- 
ing the success or failure of this selective adsorption have not been accurately 
defined. Our own experience has been that, despite repeated attempts with 
several samples of Floridin earth* and careful attention to the details of the 
procedures described by those who have used it successfully, we have never been 
able to remove carotenoids without a varying, but always significant, loss of 
tocopherol. Like Devlin and Mattill, we have found the chemical removal of 
these contaminants by treatment with 85 per cent sulfurie acid, as deseribed 
by Parker and McFarlane,* a consistently reliable procedure. This treatment 
does not obviate the interference due to cholesterol, but after the carotenoids 
have been removed, Devlin and Mattill have shown that cholesterol can be re- 
moved without loss of tocopherol by adsorption from benzene on F lorisil (Super- 
sorb). After purification by the acid treatment and subsequent passage through 
adsorbent columns of Florisil, a solution of tocopherol is obtained essentially 
free from interfering contaminants. 

Whatever procedures are adopted, precautions have to be taken throughout 





the various manipulations to avoid oxidative loss of tocopherol. All evapora- 
tions should be carried out in vacuo, and flasks, adsorption columns, ete., should 
be flushed out with nitrogen before the introduction of tocopherol solutions. 
Direct sunlight should be avoided but the more elaborate precautions of the 
use of amber glass and a dark room as described by Maver and Sabotka have 
not been found to increase the accuracy of the modified procedure which we 


have adopted. 
DETAILS OF METHOD FINALLY USED FOR STUDIES OF BLOOD SERUM 


A detailed account of the procedures we have used for the determination 
of tocopherol in serum follows. Summarized in barest outline, the method 
combines the extraction process of Emmerie and Engle as modified by Mayer 
and Sabotka with the Parker and McFarlane method for the removal of vitamin 
A and other carotenoids, and the adsorptive removal of cholesterol by means of 
Florisil as described by Devlin and Mattill. The final photometry is earried 
out on a benzene solution of tocopherol with a solution of ferrie chloride and 
a-c-dipyridy] in glacial acetie acid. 


The following reagents are required : 
Peroxide-free ether, redistilled from sodium. 
Benzene C.P. reagent. 
Petroleum ether, purified as directed by Parker and MecFarlane.* 
95 per cent ethyl alcohol. 
Formaldehyde, commercial 37 per cent aqueous solution neutraliz 
with NaOH. 
0.2 N KOH in distilled water. 


*Kindly furnished for experimental trial by The Floridin Company, Warren, Pen 
sylvania. 
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2 per cent KOH in distilled water. 


1 per cent (by volume) H,SO, in water containing 1 per cent cadmium 
sulfate. 


0.5 per cent Na,SO, in distilled water. 


85 per cent H.SO,, 85 ¢.c. of concentrated H,SO,, specific gravity 1.98 
diluted to 100 ¢.e. with distilled water. 


Iron-dipyridyl color reagent, 125 mg. of ferric chloride and 250 mg. of 
a-&-dipyridyl are dissolved in 500 e.e. of C.P. glacial acetic acid. 


Florisil,* purified according to the directions given for Floridin by 
Emmerie and Engle.® 


Nitrogen, commercial tank. 
PROCEDURE 


To a measured 5 to 10 ¢.e. volume of serum (made to 10 ¢.c. by the addi- 
tion of water), in a 250 ¢.c. glass-stoppered separatory funnel, are added 5 e.e. 
of 0.2 N KOH, 15 cc. of formaldehyde solution and 15 ¢.c. of 95 per cent 
alcohol, and the mixture thoroughly shaken. Extraction is then earried out with 
three successive 50 ¢.c. portions of peroxide-free ether. After each extraction, 
10 ¢.c. of 95 per cent aleohol are added to the aqueous solution preliminary to 
the next addition of ether. After the third extraction, the aqueous layer is dis- 
carded. The combined ether extracts are then washed in a separatory funnel, 
once with 25 ¢.c. of 2 per cent KOH, twice with 15 ¢.c. portions of 1 per cent 
H,SO, containing cadmium sulfate, and three times with 25 ¢.c. portions of 0.5 
per cent Na,SO,. The shaking should be gentle, especially in the final washings, 
or troublesome emulsions may form. The washed ether is dried for an hour or 
more over anhydrous sodium sulfate. At this stage the ether extract is 
perfectly clear and usually has a yellow tint due to the presence of carotenoids. 

After drying, the ether solution is quantitatively transferred to a suction 
flask by filtering through a layer of anhydrous sodium sulfate. Several portions 
of pure dry ether are used for rinsing the original flask and filter, and these 
washings are combined with the filtrate. The suction flask is then supported in 
a warm bath and the ether evaporated in vacuo. When only a small volume of 
ether remains, repeated small additions of benzene are made as the evaporation 
continues in order to drive off the last traces of water and alcohol. This is 
conveniently accomplished by using a suction flask fitted with a small separatory 
funnel for the repeated addition of benzene. (In arranging apparatus for this 
1” any other step in the method, the use of rubber stoppers or connections must 
© avoided as organic solvents remove material from rubber which later inter- 
teres with the accuracy of the method). Usually about 30 to 40 ¢.c. of benzene 
are required and this is added in portions of 5 to 10 ¢.c. until no turbidity re- 
sults from the addition of benzene to a small residue of fluid in the flask. 
Evaporation is then continued to dryness. At this point there is a small, yellow- 
is residue left in the flask. The reduced pressure is maintained while the flask 


*Purchased from the Floridin Company, Warren, Pa. 


. 
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is thoroughly cooled, and then an accurately measured 15 ¢.c. volume of petro- 
leum ether is added which quickly and completely dissolves the residue, and the 
solution is promptly poured into a glass-stoppered tube which ean be ecentri- 
fuged. Three cubic centimeters of 85 per cent sulfuric acid are added and the 
tube stoppered and inverted several times until the now brown aqueous layer 
tends to settle quickly to the bottom of the tube. The stoppered tube is then 
centrifuged to complete the separation. The clear colorless petroleum ether 
layer is then transferred as completely as possible to a second glass-stoppered 
centrifuge tube and washed by inverting several times after the addition of 5 
c.c. of 2 per cent KOH. After centrifuging, as large an aliquot as possible of 
the petroleum ether solution is measured into a small flask. Usually 10 ¢.e., 
representing two-thirds of the original 15 ¢.¢. of the petroleum ether solution 
which contained the entire residue from the sample of serum, can be obtained 
without difficulty. Obviously all transfers and manipulations of the petroleum 
ether solution should be carried out as expeditiously as possible and in cool 
surroundings in order to avoid evaporation of the solvent, and hence change in 
concentration of dissolved tocopherol, before the aliquot is measured for further 
treatment. 

At this stage the petroleum ether contains tocopherol which is free from 
vitamin A and carotenoids but is still contaminated with significant amounts 
of cholesterol. Since the adsorption of cholesterol on Florisil is only satisfac- 
tory from a solution in benzene, the aliquot of petroleum ether is evaporated 
to dryness in vacuo and the slight residue is taken up in 5 ¢.e. of benzene. In 
the meantime, adsorption columns of Florisil are prepared. Previously purified 
dry Florisil is placed in glass tubes to form a column approximately 80 by 12 
mm. Before use, the Florisil is washed once or twice with pure benzene, and 
nitrogen gas is run through the column to displace air. The 5 ¢.c. of benzene 
solution is then run through the column and is followed by about 25 ©. of 
benzene added in portions of 5 ¢.c. each to the original flask and thence through 
the column. The combined solution and washings are collected in a small sue 
tion flask and evaporated to a volume of about 5 ¢«. This is then washed 
through a second adsorption column of Florisil in exactly the manner just de 
scribed. Probably for most bloods one passage through Florisil is adequate, but 
occasionally in dealing with a serum of high cholesterol content a determination 
was ruined by small amounts of cholesterol which persisted after a single treat 
ment; therefore, the uniform procedure of using two columns was adopted 

When the combined benzene washings from the second adsorption column 
are evaporated to dryness, the residue is practically invisible. After cooling, this 
is taken up in 5 ¢.c. of benzene, and 10 ¢.c. of the glacial acetic acid reagent ar 
added and the color allowed to develop for ten minutes before the photometri: 
reading is made. A blank solution is prepared simultaneously by the addition 
of 10 ¢.c. of the reagent to 5 ¢.c. of pure benzene. By reference to a calibratior 
curve previously obtained by analysis of pure alpha tocopherol solutions, ary 


appropriate correction for the original volume of serum and the size of aliquo! 
used, the tocopherol content of 100 ¢.c. of serum can be readily calculated fron 
the observed transmission. As pointed out by Hines and Mattill, the practice o 
taking a second reading twenty to thirty minutes after the color reagent 
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added affords a convenient means of checking the efficacy of the steps for re- 
moval of interfering substances. Pure tocopherol solutions show maximum 
color development in ten minutes, and there is no appreciable change during the 
next ten to twenty minutes. When impurities are contributing to the color, 
different time relationships are encountered and there is significant decrease 
in transmission noted in the later readings as compared to the ten-minute read- 
ing. When such differences are noted, the results are unreliable and should not 
he accepted as true tocopherol values. 

Needless to say, before studies of serum are undertaken, blank determina- 
tions should be run in whieh 10 ¢.¢, of water are substituted in place of serum 
and carried through the entire procedure. Entirely satisfactory blanks should 
neither cause any development of color with the iron-dipyridyl reagent nor inter- 
fere with the development of the full color value when a known amount of toco- 
pherol is measured in the presence of the residue from a blank determination. 
Actually, a slight amount of color, equivalent to 1 to 3 gamma of tocopherol 
usually develops in a blank determination in spite of carefully purified reagents. 
Blanks should be run whenever new lots of reagents are introduced, and a cor- 
rection made for any slight introduction of extraneous color. 

In Table I are collected data which demonstrate the satisfactory recovery 
of pure alpha tocopherol carried through various steps of the procedure in the 
manner just deseribed. The figures in the last group also indicate the efficiency 
of the Parker-MeFarlane treatment followed by double adsorption of Florisil 
in avoiding the interference due to carotenoids and cholesterol. 


TABLE ] 


RECOVERY OF Pure TOCOPHEROL CARRIED THROUGH VARIOUS PROCEDURES 


TOCOPHEROI TOCCPHITERO 

TEST PROCEDURE RECOVERED PRESENT 

(GAMMA (GAMMA) 

a tocopherol in benzene carried through two (a) 95 100 5 
Florisil columns b) 102 100 102 


PER CENT 
RECOVERED 


a tocopherol carried through acid treatment (a) 100 100 100 
and two Florisil columns (b) 97 100 97 
Mixture of a tocopherol, carotene, and choles- (a) 108 100 108 
terol, carried through acid treatment and (by 9% 100 97 
two Florisil columns (ec) 102 100 102 

(d) 47 a0) 44 


Table IL contains the results of preliminary studies with bloed serum. Ks- 
sentially the same values in terms of milligrams of tocopherol per 100 ¢.¢. of a 
given serum were found whether the determination was run on a 95 or 10 ee. 
sumple. In spite of the readily reproducible results there should be some reserva- 
tion in the complete acceptance of the values obtained as the true level of alpha 
tovopherol. Other tocopherols with less biologie activity than alpha tocopherol 
give the same color reaction and would not have been removed in the procedures 
in-orporated in the method. Furthermore, although several known inter- 
f-;ing substances have been successfully eliminated, there has been no direet 
p.oof that others not vet recognized may still be involved. Fairly good evidence 


tht the prineipal color-producing factor measured is alpha tocopherol is 
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afforded by the very low values obtained in the serum of rabbits that are 
seriously deficient in vitamin E, and the prompt increases which are always 
noted when liberal amounts of vitamin E are restored to such animals. Satis- 
factory recoveries could be made of alpha tocopherol added to blood serum. 














TABLE IT 
PRELIMINARY BLOOD STUDIES AND RECOVERIES OF ADDED TOCOPHEROL 
| VOLUME TOCOPHEROL | TOCOPHEROL | RECOVERY 
_— — |SERUM USED FOUND | PRESENT OF ADDED 
a eee FOR DETER- (ma@./100 (ma./100 | TOCOPHEROL 
| MINATION C.Cc.) C.C.) | (PER CENT) 
Human serum A 10 | 0.97 | | E 
Human serum A 5 1.02 : 
Human Serum A + 1 mg./100 ec. of 5 2.09 2 00* 109 
added tocopherol 
Human Serum B 10 1.34 = 
Human Serum B 8 1.32 - 
Human Serum B + 1 mg./100 ce. of 9 Biot 2.33" 104 
added tocopherol 
Human Serum B + 0.5 mg./100 e.e. 5) 1.78 L83* | 96 
added tocopherol | | | 
Rabbit Serum No. 1. Dying from FE 10 | <0.05 
deficiency 
Rabbit Serum No. 2. E deficient diet. | 10 0.43 - 
Beginning to show weakness 
Rabbit Serum No. 3. Same rabbit as'| Ss 1.74 - 
No. 2 after administration of E 
Rabbit Serum No. 4. E deficient for 8 0.26 
weeks. Marked muscular weakness 
Rabbit Serum No. 5. Same rabbit as 5 2.76 


No. 4 after heavy E medication 





*Figure based on average figure without additions, plus added tocopherol. 


TABLE IIT 


SERUM TOCOPHEROL LEVELS DETERMINED BY THE PROCEDURE DESCRIBED 





he: a SERUM 


AGE 





| 
SUBJECT (vr) SEX DIAGNOSIS | TOCOPHEROL 
a sie _ (mMG./100c.c. 
H. B. 15 M No disease | 0.72 
L. J. 1] M Behavior problem 0.94 
J.N. 13 M Allergy | 1.12 
M. E | 9 F No disease | 0.88 
J da, 1] M No disease 0.98 
A. G. | 5 M | Respiratory infection | 1.02 
J.C. 5 F Celiac disease 0.64 
F. C. 14 F Otitis media 0.82 
a. B. 9 M Bronchitis 0.79 | 
D. G. 14 M Nephritis | 1.20 | 
H. J. 21 M Muscular dystrophy 0.97 
534. 13 M Muscular dystrophy | 1.02 
W.N. 9 M Muscular dystrophy 1.28 
J. A. 6 M Muscular dystrophy 1.22 
J. L. | 9 M Muscular dystrophy 0.73 
H.Je. | 12 M Muscular dystrophy 0.80 
J.N. 12 | M Muscular dystrophy 0.81 








In Table III are presented the results of tocopherol determinations ru) 
on the sera of both ill and apparently normal individuals most of whom were i! 
the pediatric age groups. The entire range of values is fairly small and th 
usual concentration appears to be about 1 mg. of tocopherol per 100 c.c. of serun 
In the small group studied there appeared to be no significant difference in th 
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levels found in sick and well children. Our figures on patients with muscular 
dystrophy were done in connection with other studies of that disease and their 
significance has been discussed elsewhere.’” It is interesting to note the rela- 
tively low concentration found in the serum of one child with celiae disease 
since this patient was found also to have poor absorption of vitamin A. Pre- 
sumably, conditions unfavorable for the absorption of another fat soluble vitamin 
would also hinder the absorption of vitamin E. 


DISCUSSION 


The values for serum tocopherol which we have presented fall within about 
the same range as those found by Wechsler, Maver, and Sabotka in adult serum. 
The fact that two laboratories using different techniques for several steps in the 
determination have obtained essentially the same results lends considerable sup- 
port to the probable accuracy of both sets of figures. On this basis there is per- 
haps little choice between the two methods. In our hands at least, the use 
of acid for the removal of vitamin A and carotenoids has proved a far less 
treacherous procedure than selective adsorption on Floridin. Mayer and 
Sabotka make no mention of the possibility of interference due to cholesterol. 
Possibly under the conditions of their procedure, cholesterol was removed or 
had less influence on the final color reaction. Certainly in the procedure which 
we have used, the removal of cholesterol with the help of Florisil is a vitally 


important step. At least from the point of view of convenience, the stable 


glacial acetic acid solution of ferrie chloride and a-a-dipyridy] has great advan- 
tages over an alcoholic solution of these reagents. 


SUMMARY AND CONCLUSIONS 


Modifications of several previously described procedures have been combined 
in a method which employs the iron-dipyridyl reaction for the colorimetric 
determination of tocopherol in blood serum. 

Data are presented which show (a) alpha tocopherol can be carried through 
the suggested procedures without significant loss, and (b) that toeopherol ean 
be satisfactorily isolated from substances present in the blood serum which 
would otherwise interfere with the final colorimetric reaction. 

As measured by the method deseribed, the tocopherol content of children’s 
blood serum was found to fall within a small range of values approximating 1 
mg. per 100 ¢.¢. of serum. 
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EDITORIAL 


Editorial Policy 

. the guidance of Dr. Victor C. Vaughan, Dr. Warren T. Vaughan, 

and the Associate Editors who worked so devotedly with them, THE JOURNAL 
OF LABORATORY AND CLINICAL MEDICINE has served for the past twenty-nine years 
as a forum for the presentation of clinical investigation and of laboratory tech- 
niques. The reasons for beginning the JoURNAL and deseription of its editorial 
policy were eloquently stated by the elder Dr. Vaughan in his first editorial : 
‘‘At present there is a wide chasm between the research man and the prac- 
titioner. The work of one supplements that of the other. The world is not 
benefited nor medicine advanced until the work of both has been done. The 
basic aim of this JOURNAL will be to bring discovery and its application closer 
together, to supply the research man with a strict!y scientific organ through 
which he can present the results of his labors, and to suggest to the practitioner 
how he may use the latest discovery.”’ 

Strict adherence to this editorial policy has at times been difficult. With 
the rapid growth of the medical sciences it often seemed wise to publish manu- 
scripts which were fundamentally biochemical, physiologic, pharmacologic, or 
hacteriologic in their interest. Their relationship to clinical medicine was not 


always immediately apparent, although in many instances these investigations 
later served as the background for new approaches to clinical problems. On the 


other hand, studies which presented purely clinical observations or case reports 
often seemed important enough to print even though they described no new 
prineiple nor concerned themselves with the pathogenesis or treatment of disease. 
At first, the section on ‘‘Methods’’ was confined to a discussion of procedures 
which were of interest to the clinical pathologist or to the practitioner in his own 
routine laboratory. This policy had to be broadened, however, so that investi- 
gators who used either human or animal subjects could be given an opportunity 
to exchange their experiences with methods of a more purely experimental na- 
ture. 
There has, therefore, been a gradual broadening of the editorial policy so 
hat papers with a very wide scope of interest were accepted for publication. 
is perhaps now necessary to define the boundaries more precisely. The ideal 
trying to bring discovery and its application closer together must certainly 
e preserved. It would seem that this end might best be served: (1) by con- 
ning acceptance of experimental papers to those which can properly be in- 
lauded in the broad field of clinical investigation; and (2) by selecting those 
nical papers which demonstrate most clearly the application of recent experi- 
ntal discoveries to the solution of clinical problems. The policy stated above 
hich governs the publication of methods, techniques, and their analyses will 
maintained. 


C. V. M. 





8. A noes 


BOOK REVIEWS AND NOTICES 


Colorimetric Determination of Traces of Metals. Ly K. Bb. Sandell, Ph.D.. 
Assistant Professor of Analytical Chemistry, University of Minnesota, 
Minneapolis, Minnesota, Interscience Publishers, Ine., 215 Fourth Avenue, 
New York 3, New York, 1944. Price $7.00. Cloth with 487 pages. 


This book should prove to be a valuable reference work for biochemists and 
investigators who find it necessary to determine traces of metals in biological 
materials. It opens with a general discussion of the methods of trace analysis, 
the problem of separating and isolating traces of substances, and the chemical 
behavior of the more common colorimetric reagents. The second half of the 
book is devoted to a presentation of specific methods for individual metals. It is 
not encyclopedic in its listing of techniques. An attempt is made rather to 
deseribe and evaluate a limited number of methods which seem most satisfactory 
to the author. The treatment of material is so designed as to be of value to 
industrial as well as to biological chemists. In some instances, consequently, the 
applications of methods to biological materials are not given in as much detail 
as a Clinical investigator or clinical pathologist might wish. The principles, 
however, are all clearly stated, and tabulation is made of those substances which 
interfere with the accuracy of procedures. 

The author occasionally makes statements such as the following which 
make one question his familiarity with the difficulties of doing determinations 
on biological materials: ‘‘The methods now available (for copper) are in the 
main satisfactory and leave little to be desired.’’ Anyone who has tried to study 
the copper content of blood realizes how far from the truth this opinion is. 
However, the reviewer knows of no other work which assembles so compactly 
and so well the most acceptable methods of colorimetric¢ trace analysis. 

C. V. M. 


Vascular Responses in the Extremities of Man in Health and Disease. [Ly 
David I. Abramson, M.D., F.A.C.P. Associate in Charge of Cardiovascular 
Research, May Institute for Medical Research of the Jewish Hospital, Cin- 
einnati. (Now is a Captain in the Army Medical Corps.) University of 
Chicago Press, Chicago, Ill. Price $5.00. Cloth with 412 pages. 


The book attempts to assemble and correlate information on peripheral 
vascular disease and vascular responses which has been widely scattered through 
the literature. The author devotes a large amount of space to the physiological 
responses of the peripheral vascular tree. Diseases of the venous and arterial 
systems are evaluated largely from the physiological rather than from the clinical 
standpoint. Experiments on vascular responses in the limbs of man are exten- 
sively considered; animal experiments are described to fill in where data on 
man are wanting. 
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The book opens with chapters on the anatomy and physiology of blood 
vessels. The responses of the peripheral blood vessels to various pharmaco- 
logical agents, and in systemic diseases are taken up. There follow considera- 
tions of ‘‘functional’’ and organie disease. A final section concerns the methods 
of treatment of vascular disorders. 

This volume is well documented, and is readable. References are included 
at the end of each chapter, and constitute an extensive compilation of the litera- 
ture. The index is adequate. In the reviewer’s opinion, this work should 
prove of exceptional value to students and clinicians as a brief, authoritative 
account of vascular problems. 


Stop Worrying and Get Well. By Edward Podolsky, M.D. Bernard Acker- 
man, Ine., 381 Fourth Avenue, New York 16, New York. Price $2.00. 
Cloth with 124 pages. 


CORRESPONDENCE 


T'o the Editor.—In our recent paper entitled **The Apparent Advantage of 
Krequently Administered Quinine in Avian Malaria Infections’? in the JOURNAL, 
January, 1944, page 48, we made the statement that we were unaware that 
frequent, to say nothing of continuous, therapy with quinine had ever been 
given a trial in acute malaria infections in the human being, and that we, 
therefore, sought to investigate the possible advantages of such a method of 
treatment by putting the matter to experimental trial in avian infections in 
the laboratory. Our attempt to effeet continuous administration of solutions 
to canaries having met with failure, we were obliged to resort to administra- 
tion of the quinine by mouth at two-hour intervals around the clock for the 
four days during which the therapeutie trials lasted. We have now received 
a very kind letter from Col. Charles F. Craig, the eminent malariologist and 
editor of the American Journal of Tropical Medicine, who states his feeling that 
in our search of the clinical literature, we overlooked the fact that frequent 
quinine dosage was employed in man many years ago and that the matter is 
specifically discussed in the publications of Marchiafava and Bignami and of 
himself. In our copy of Marehiafava and Bignami, that was reprinted from 
Twentieth Century Practice for the use of the U. S. Army in 1900, we have 
failed to find very specific evidence that the Italian authors did use quinine 
at frequent intervals in the attempt to accomplish a somewhat ‘‘continuous’’ 
type of therapy, but there can be no doubt that Col. Craig did report very 
favorably upon a frequent-administration method of treatment in his work 
The Malarial Fevers, etc., published in 1909. Among his several references 
to this type of treatment, there appears (page 373) the following unequivocal 
statement ‘‘. . . it is necessary to give quinine in divided doses of from 0.3 to 
0.6 Gm. (5 to 10 grains) at intervals of four to six hours until the temperature 
reaches normal, and to increase the number of doses if experience shows that 
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the quantity advised is insufficient.’’ It was our misfortune not to have seen 
this statement in Col. Craig’s valuable book before our paper appeared, and 
we are therefore writing this letter to place on record our recognition of the 
fact that Col. Craig did indeed advocate the frequent administration of quinine 
a great many years ago. If there should be any interest in the matter of 
priority in recommendation of such a therapeutic approach in malaria, cer- 
tainly Col. Craig and not ourselves deserves the credit of having first drawn 
attention to the possible merit of this type of procedure. In passing, however, 
it might just be of interest to note that possibly the superiority of the method 
had been attested and forgotten long before Col. Craig introduced it, for Boyd 
in the A.A.A.S. Symposium on Human Malaria, page 5, 1941, writes as follows: 
‘*The earliest report of its employment in the United States that has come to 
our attention is by Henry Perrine (1826), a physician of Natchez, Mississippi. 
He employed from six to twelve grains every two to three hours at any period 
of the fever continued until its symptoms in pulse and skin were subdued, 
repeating if the return of the fever was suggested.”’ 

As a matter of fact, it was not a frequent-dosage method in which we were 
primarily interested in our work but an attempt to study a continuous method 
of administration, and it is our hope that a continuous method as advocated 
in our paper will be given clinical trial with proper controls by those in a 
position to do so. 

Harry Beckman 
Jane Smith 
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